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Abstract 
It is often the case that efforts to implement new and advanced technologies must overlap 
with the maintenance of existing technology. This thesis explores conceptualization and 
negotiation of tensions that arise from simultaneously attending to concerns for design, 
implementation and maintenance of digital health infrastructure, which span multiple 
temporal scales. Extant literature indicates that although digital infrastructures evolve over 
long periods of time, their development is often reliant on short-term focused and discretely 
arranged project-based support arrangements. This, demands that long-term concerns for 
maintenance and continuity should be attended to within funded project time, together with 
short-term concerns relating to technology implementation. However, combining concerns 
that span multiple temporal scales gives rise to tensions that threaten to derail digital 
infrastructure development efforts. To further confound matters, recent studies suggest a 
dearth in theoretical and methodological frameworks, which could aid accounting and 
negotiating of concerns that span multiple temporal scales. In addition, there are differences in 
views regarding theorizing of infrastructure. Some scholars advance purely incremental 
approaches, where temporality is dealt with implicitly, whereas others argue that we must 
focus on the long-term and explicate how this affects action taking in the short-term. 
The overall question for this thesis is: How can we negotiate concerns and tensions to design, 
implementation and maintenance of digital health infrastructure, in the face of changing 
project-based support arrangements? This question is operationalized through the questions: 
(i) What are conditions for integrating novel solutions into an existing socio-technical 
installed base? (ii) What strategies can improve implementation and maintenance capacity in 
the context of changing project-based support arrangements? (iii) How can we conceptually 
account for tensions to design, development, and maintenance of digital infrastructure? 
Empirically, this study draws on introduction of mHealth solutions to extend the reach of a 
national digital health management information system (HMIS) in Malawi. A key goal for the 
efforts was investigating the possibility of replacing paper-based routine data reporting, 
between primary health facilities and district health offices, with mobile phone solutions. The 
HMIS setup in Malawi is characterised by weak public administration and dependence on 
loosely coordinated donor funded projects. Findings suggests that despite over a decade of 
HMIS strengthening activities, the Ministry of Health still lacks financial, implementation, 
and maintenance capacity. The multiplicity of loosely coordinated projects also complicates 
control of interventions, leading to duplication of efforts. On the other hand, development of 
persistent IT support structures is slow and painstaking, due to government bureaucracy.  
This thesis makes three main contributions. First, the thesis advances an integrated 
framework that combines four existing perspectives, in order to aid conceptualization and 
negotiation of concerns and tensions to design, implementation, and maintenance of digital 
infrastructure. Second, the thesis suggests strategies for enhancing IT implementation and 
maintenance capacity, in the face of changing project-based support arrangements. Third, the 
thesis responds to calls for an ecological approach to implementation and theorizing of 
mHealth interventions. Papers that are part of this thesis also contribute to theory and practice.  
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Chapter 1: Introduction 
 
1.1 Setting the Scene: Personal Motivation 
Throughout history man has devised and used various technologies in support of everyday 
life, work, and adventure. Examples of innovation range from relatively simple stone tools for 
hunting, irrigation systems in ancient Egypt, to modern day mobile communication systems, 
and unmanned space exploration vehicles. This study looks at one of such innovations – 
mobile communication systems. At the core of this study is the application of mobile 
technology to support health data communication in Malawi, where the practice has 
traditionally been paper-based. Over the past decade, mobile technology has provided an 
imperative to re-envision health data communication, in infrastructure sparse contexts 
(Chigona et al., 2012; Asangansi et al., 2013; Shozi et al., 2012). 
Despite efforts to introduce new and improved technologies, it is often the case that old and 
new technologies co-exist, necessitating an overlap between development and maintenance 
work. Usually, development and maintenance of more complex technologies, such as mobile 
communication systems, require mobilization of different stakeholders and supporting 
technologies, over time. Where deliberate efforts are not made to maintain existing 
technologies, they disintegrate, as people continue to be pre-occupied with development of 
those trending, only for such technologies to disintegrate a while later. However, even where 
deliberate efforts are made to mobilise contributions from multiple stakeholders, in 
developing and maintaining technological solutions, it is not always clear how such efforts 
should be approached and coordinated (Aanestad and Jensen, 2011; Karasti et al., 2010). 
Over the past four years, I have had the privilege of witnessing and participating in the 
implementation of digital information technologies, in support of healthcare delivery and 
management at rural health facilities, in Malawi. Intertwined with the beauty of such an 
experience was the despair of witnessing some essential technologies and physical 
infrastructure in a state of disrepair. At one health facility, I witnessed one part of the roof 
getting almost completely covered with solar panels, to power electronic medical record 
systems, yet the facility’s water supply infrastructure (bore hole, water pipes, water tank) was 
in a state of disrepair. The health facility also had a broken down motorcycle ambulance, a 
radio message system that was no longer in use, and pregnant women delivered under candle 
or lantern lighting. Such intermix of innovation and decay was not restricted to this one health 
 No one remembers the former generations, 
    and even those yet to come 
will not be remembered 
    by those who follow them. 
Ecclesiastes 1:11 –New International Version 
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facility, but was evident across different health facilities I visited. The strange intermix of 
occurrences presented here can, to a large extent, be traced back to poorly coordinated 
project-centric interventions, where focus has been on meeting short-term project-centred 
goals. I began to ask myself: If relatively simple, but essential, physical infrastructure such as 
a borehole, water pipes, and a water tank can remain in a state of disrepair, what technology, 
then, can stand after the enthusiasm that surrounds its introduction has waned?  
Concerns regarding how to combine technology design, implementation, use, and 
maintenance permeate studies on digital infrastructures (Ribes and Finholt, 2009; Karasti et 
al., 2010; Edwards et al., 2007; Karasti, 2014b). At the same time, literature suggests that the 
juxtaposition of short-term and long-term concerns pertaining to design, implementation and 
maintenance introduces a complex set of considerations and tensions that could derail digital 
infrastructure efforts (Jackson et al., 2007; Karasti and Baker, 2004; Asangansi, 2012).  
1.2 Key Notions 
This thesis discusses conceptualizations and negotiation of tensions that arise from pursuing 
short-term implementation-related and long-term concerns for maintenance and continuity, in 
digital health infrastructure efforts; where there is need to leverage technologies, expertise, 
and partnerships, across loosely coordinated project-based arrangements.  
Use of the term tension in this thesis denotes inner striving, unrest, or imbalance from 
seemingly opposing forces or conflicting demands to make decisions (Kee and Browning, 
2010; Carlsson and El Sawy, 2008). Amon others, sources of tension in digital infrastructure 
include: diverging interests and end-goals among stakeholder (Ribes and Finholt, 2007); 
policies about funding and ideologies (Kee and Browning, 2010); pursuit of control over key 
parts of an installed base (Nielsen, 2006); competing concerns of the present and those for the 
future (Richter, 2011). “Short-term experiences of gain and loss will shape the incentive 
structures of individuals and institutions tasked with responding to infrastructural change. 
This in turn will shape the climate within which infrastructures struggle to emerge” (Edwards 
et al., 2007:pp 24). Considering that digital infrastructure are not an outcome of reliable maps 
or blueprints, tensions can become a chief site and source of infrastructural change, 
innovation, and learning over time (Jackson et al., 2007). For learning to take place, reliable 
systems for surfacing and negotiating tensions need to be put in place (ibid). 
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Negotiation is a broad term, which includes dialogue between stakeholders aimed at reaching 
an agreement or resolving differences, across a range of situations, together with related 
processes. Use of the term in this thesis relates to temporal negotiations. Thus, by negotiation, 
I refer to continuous pursuit of balance between competing short-term and long-term 
concerns relating to design, implementation, use, and maintenance  of digital infrastructure, 
through dynamic combination of identified short-term and long-term concerns, and deliberate 
action (planned or otherwise), to influence infrastructure development trajectories. 
Short-term concerns of interest to this study mainly relate to attempts at integrating and 
enacting newly introduced mobile technology solutions into existing socio-technical 
arrangements. In relation to this, I look at implementation strategy, as well as attempts at 
attracting adoption, to achieve growth momentum. In addition, I try to account for efforts by 
our implementation team and the local Ministry of Health, in trying to exert some level of 
control on infrastructure development trajectories, at certain points in time. Treatment of the 
subject of control is deemed necessary, considering that efforts to develop digital 
infrastructure within the context of study are shaped by distributed control to parts of the 
installed base, and must therefore rely on the participation of multiple independent 
stakeholders, with varying interests. Identified long-term concerns centre on promoting 
development of human and organizational arrangements to support maintenance and 
evolution of infrastructure solutions. In line with all this, I consider perspectives on 
temporality and how they aid conceptualization and negotiation of the aforementioned 
concerns that cover multiple time scales, and tensions that ensue from pursuing them. 
Building on Karasti et al. (2010), the short-term temporal scale is in this thesis restricted to 
within funded project time and is thus closely linked with the notions of project, project 
management and project-based organization. Project-centred efforts are characterised by 
short term focus, high time pressure, and a drive to provide successful outcomes for the 
project at hand, to satisfy funders (Ribes and Finholt, 2009; Markus, 2004; Karasti, 2014b). 
Contrariwise, infrastructure development and maintenance occurs over an extended period of 
time (Hanseth and Lyytinen, 2010; Pollock and Williams, 2010; Monteiro et al., 2013). Thus, 
the long-term temporal scale is open-ended and stretches beyond individual project life spans, 
covering the period within which infrastructure design, maintenance and evolution occur 
(Brand, 2008; Ribes and Finholt, 2009; Karasti et al., 2010).    
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1.3 Empirical Problem Area  
This study was mainly conducted in Malawi. The public healthcare sector in Malawi 
comprises four levels of operation: community, health facility, district, and national. In this 
setup, data reporting from community and primary health facility levels, to the district is 
predominantly paper-based. Previous efforts at introducing and improving the national digital 
health management information system (HMIS) infrastructure mostly overlooked primary 
health facilities, focusing on the district and national level. Although highly functional, paper-
based reporting is beset with various challenges, including: (i) seasonal challenges to the 
transportation of report forms, as most roads in rural areas are unpaved and in poor shape 
during the rainy season; (ii) members of staff have to fund their travel to district health offices, 
in order to submit reports; (iii) transportation of report forms takes staff away from their duty 
stations, which are often understaffed; (iv) health facilities often send reports through 
ambulance drivers, with no guarantees of delivery; (v) officers at district level are burdened 
with data entry, before they can proceed with data analysis; (vi) work overload at district level 
has often resulted in poor data reporting rates, with some health programme coordinators 
indicating that they do not have time for data entry.  
With these challenges in mind, the Ministry of Health partnered with Chancellor College, a 
constituent college of the University of Malawi, and the University of Oslo, in exploring 
whether application of mobile technology, to extend the reach of the national digital HMIS, to 
primary health facilities, could help circumvent challenges related to transportation of paper-
based reports. Health facilities would have the possibility of submitting reports remotely, 
using mobile phones, to a web-based national HMIS server. In addition, it was envisaged that 
pushing data entry to the health facility level would ease the burden of data entry at district 
level, allowing staff ample time for data analysis.  
Despite the appeal of mobile technology, such an undertaking could not proceed unaffected 
by developments within the wider HMIS setup. The intended mobile technology solutions 
were to build upon ongoing HMIS strengthening efforts, commissioned in 2009, aimed at 
upgrading the national HMIS software solution and integrating silos of programme-centric 
information systems. Among other things, these HMIS efforts depended on the participation 
of multiple health programmes, telecommunication service providers, IT consultants, and, 
most importantly, project-based donor support. HMIS implementations in Malawi are largely 
dependent on poorly coordinated donor-funded projects, which often lead to poor 
development of technical structures and capacity, required to manage implemented solutions 
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beyond initiating project-based interventions. This means that solution implementations, on-
going maintenance, and evolution are a challenge. Despite more than a decade of active 
HMIS strengthening efforts, dating as far back as 1999, the Ministry of Health in Malawi had 
until the end of 2012 no in-house IT capacity to support existing health information systems 
(HIS), as well as the aforementioned efforts to upgrade the national HMIS software solution. 
Technical support for this undertaking was mostly provided by an externally funded team of 
IT consultants, which was loosely attached to the Ministry of Health.  
As further evidence of poor maintenance capacity, key gains registered during earlier HMIS 
strengthening efforts that started in 1999, had significantly weakened or disintegrated before 
commencement of this study. For example, data review meetings which had been reported as 
having been institutionalised across all levels of administration (Chaulagai et al., 2005), 
became infrequent after the folding of a World Bank project under which they were initiated. 
Despite these challenges, it is evident that HMIS interventions in Malawi will for the 
foreseeable future require significant participation from multiple stakeholders, through 
project-based interventions. It is, therefore, imperative that we find ways to leverage often 
short-term focused project-based support arrangements in developing HIS infrastructure. 
1.4 Significance of the Study 
The relevance of this study goes beyond HIS and application of mobile technology in support 
of healthcare management (mHealth) efforts in Malawi, for at least two reasons. First, recent 
studies indicate that mHealth interventions largely ignore dynamics within the larger HIS 
context, which hides the complexity of integrating mHealth solutions into existing socio-
technical setups (Braa and Nielsen, 2013). Most challenges facing mHealth are beyond 
mHealth itself and relate to the wider HIS setup (Leon et al., 2012). There is therefore need to 
take an ecological approach to the implementation of mHealth, which takes into account 
existing and emergent practices, technological platforms, stewardship, and organizational 
financial and implementation capacity (Leon et al., 2012; Braa and Nielsen, 2013). This thesis 
contributes towards addressing calls to account for mHealth interventions within the context 
of developments within the broader HIS setup. 
Second, practical and conceptual challenges regarding how to leverage short-term focused 
project-based support arrangements in developing and maintaining digital infrastructure are 
not restricted to Malawi. Digital infrastructure efforts, in both developing and developed 
economies, are by and large driven by short-term based funding arrangements (Edwards et al., 
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2013; Karasti et al., 2010; Asangansi, 2012). There is therefore an ever-present tension 
regarding how to register quick gains and successfully implement technological solutions, 
within funded project time, as well as contribute towards development of persistent 
organizational and human arrangements, to aid maintenance and continuity (Ribes and Finholt, 
2009; Asangansi, 2012). For example, dependence on project-based arrangements has been 
attributed to the collapse of HIS strengthening interventions after external support has been 
withdrawn (Kimaro and Nhampossa, 2005; Kimaro and Nhampossa, 2007; Lucas, 2008; 
Tamrat and Kachnowski, 2012; Sanner et al., 2012). Nonetheless, it is expected that HIS 
interventions in developing economies will for the foreseeable future depend on project-based 
donor funding (Lippeveld, 2001), meaning long-term development and maintenance of HIS 
infrastructure will remain a challenge. There is, therefore, need develop implementation and 
maintenance capacity, to further digital infrastructure efforts. 
To aid development and maintenance of digital infrastructure there are growing calls to 
consider short-term interventions within long-term digital infrastructure objectives (Ribes and 
Finholt, 2009; Edwards et al., 2013; Pollock and Williams, 2010; Karasti and Baker, 2004). 
The idea is to collapse boundaries between infrastructure design, implementation, and 
maintenance, within funded project time, in order to provide impetus towards the continuity 
of infrastructure efforts, beyond individual project arrangements.  However, even where there 
is such awareness and deliberate efforts are taken, leveraging project-based arrangements to 
provide impetus towards realization of long-term digital infrastructure concerns, faces various 
practical and conceptual challenges. For example, it is challenging to align the interests and 
operations of project staff and infrastructure managers, who may operate according to 
different temporal orientations (Karasti et al., 2010).  
At a conceptual level, there is acknowledgement of a dearth of theoretical and methodological 
frameworks that allow for the accounting and negotiation of concerns that span multiple 
temporal scales (Bowker et al., 2010; Karasti et al., 2010; Star, 1999): 
“there is an urgent need to develop approaches, methods and tools for collaborative 
infrastructure development that would allow for and support different temporal orientations 
to ensure effective and productive collaborations” (Karasti et al., 2010: pp. 404) 
In addition, accounting for varying short-term and long-term concerns that stretch the expanse 
of digital infrastructure goes beyond the provisions of any singular perspective: 
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“Infrastructure is “large” spanning time and space, but it is also “small” coming in contact 
with routine and everyday practice. Thus, infrastructure studies require drawing together 
methods that are equal to the ambitions of its phenomenon” (Bowker et al., 2010: pp. 113) 
There are calls for integrated frameworks, to allow nuanced analysis of how infrastructures 
emerge and impact innovation processes (Edwards et al., 2013; Yoo et al., 2010).   
1.5 Research Aim and Questions 
This study explores conceptualization and negotiation of tensions that arise from 
simultaneously attending to concerns for design, implementation and maintenance of digital 
health infrastructure. The main question guiding the study is:   
How can we negotiate concerns and tensions to design, implementation and maintenance of 
digital health infrastructure, in the face of changing project-based support arrangements? 
A significant part of this study consisted of attempts at integrating novel mobile technology 
solutions for routine health data reporting into an existing installed base of paper-based and 
digital reporting systems. A key aspect of digital infrastructure is their modular and multi-
layered character, which entails that new technological offerings are not built from scratch but 
on top of an installed base of existing socio-technical arrangements, with which they should 
integrate (Hanseth and Lyytinen, 2010; Edwards et al., 2013; Star and Ruhleder, 1996). 
Fitting disparate elements of infrastructure requires significant and seldom straightforward 
processes of adaptation and mutual adjustment of organizational and technological elements, 
and competing stakeholder interests (Jackson et al., 2007; Aanestad and Jensen, 2011). In 
light of this, the overall research question is partially addressed through the question: 
1. What are conditions for integrating novel solutions into an existing socio-technical 
installed base? 
Implementation of technological solutions is often a concern of the short-term, to be achieved 
within project time (Markus, 2004). Though starting within the short-term (project time), 
stabilization, institutionalization, and maintenance of implemented solutions often stretches 
beyond individual project lifespans (Markus, 2004; Ribes and Finholt, 2009). As 
aforementioned, continuity of digital infrastructure efforts, beyond initiating projects, 
demands that enabling socio-technical arrangements be pursued across loosely coordinated 
project-based arrangements and temporal scales (Ribes and Finholt, 2009; Karasti and Baker, 
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2004). In relation to this, and calls for the development of theoretical and methodological 
frameworks that aid conceptualization and negotiating of concerns that span multiple 
temporal scales, together with related tensions (see: Karasti et al., 2010; Yoo et al., 2010; 
Bowker et al., 2010), the overall question is further operationalised through the questions: 
2. What strategies can improve implementation and maintenance capacity in the context 
of changing project-based support arrangements?  
3. How can we conceptually account for tensions to design, development, and 
maintenance of digital infrastructure? 
In responding to these questions, I seek to contribute to development of perspectives that 
inform digital infrastructure development efforts, in a manner that permits synergizing 
concerns that span temporal scales. I am particularly interested in the development of goal-
oriented infrastructures such as health information systems, bearing in mind that different 
types infrastructure have different qualities (Nielsen, 2006).  
1.6 Research Findings 
The thesis comprises five scientific papers and a summary thereof. Following, is a list of the 
papers included in this thesis. The papers are also included as part of the appendices: 
 
1.MANDA, T. D. & HERSTAD, J. (2015). Enacting Technology: Accounting for the 
Interplay between mHealth Solutions and Existing Paper-Based Data Reporting 
Practices. Information Technology & People. Forthcoming 
 
2.MATAVIRE, R. & MANDA, T. D. (2014). Interventions Breakdowns as Occasions for 
Articulating Mobile Health Information Infrastructures. Journal of Information 
Systems in Developing Countries. 63(3). 1-17. 
3.MANDA1, T. D. & SANNER, T. A. (2014). The Mobile Is Part of a Whole: Implementing 
and Evaluating mHealth from an Information Infrastructure Perspective. International 
Journal of User-Driven Healthcare (IJUDH). 4(1).1-16 
 
4.SANNER, T. A., MANDA, T. D. & NIELSEN, P. (2014). Grafting: Balancing Control and 
Cultivation in Information Infrastructure Innovation. Journal of the Association for 
Information Systems, 15 (4). 220- 243. 
 
5.MANDA, T. D. (2015). Leveraging Project Arrangements in Developing Health 
Information Systems Infrastructure. Under review in an international journal 
                                                          
1 This is a revised version of the paper MANDA, T. D. & SANNER, T. A. Bootstrapping Information Technology 
Innovations Across Organisational and Geographical Boundaries: Lessons from an mHealth Implementation in 
Malawi.  IRIS, 2012. Akademika forlag. 
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Table 1-1 presents a mapping of what research question (RQ) each paper responds to 
Table 1-1: Mapping of papers to research questions 
Paper Title RQ1 RQ2 RQ3 
Enacting Technology: Accounting for the Interplay between mHealth Solutions 
and Existing Paper-Based Data Reporting Practices 
X  X 
Interventions Breakdowns as Occasions for Articulating Mobile Health 
Information Infrastructures 
X  X 
The Mobile Is Part of a Whole: Implementing and Evaluating mHealth from an 
Information Infrastructure Perspective 
X  X 
Grafting: Balancing Control and Cultivation in Information Infrastructure 
Innovation 
X X X 
Leveraging Project Arrangements in Developing Health Information Systems 
Infrastructure 
X X X 
1.7 My Contributions 
This thesis contributes to both theory and practice. First, the thesis advances an integrated 
framework that combines four methodological and theoretical perspectives in order to 
conceptualize and negotiate concerns that relate to infrastructure design, implementation, as 
well as long-term maintenance and continuity. The idea is to allow for more explicit analysis 
of the following concerns that span multiple temporal scales: technology and implementation 
design; mobilizing demand-side adoption; pursuing control where there are multiple players; 
enacting technology; organizing infrastructure work; institutionalizing technological solutions 
and participation.  
Second, the thesis suggests strategies for enhancing IT implementation and maintenance 
capacity, in a manner that leverages agile, but short-term project-based support arrangements, 
and persistent, but often slow and bureaucratic government structures. 
Third, the thesis contributes to discourse on mHealth by adopting an ecological view to 
mHealth interventions and theorizing. This is achieved by accounting for interacting 
heterogeneous socio-technical elements – independent stakeholders, work practices, 
technological solutions, etc., in the wider HIS setup. Mobile technologies are part of a whole, 
which is shaped by, and shapes, their application in healthcare delivery and management. 
Beyond the potential offered by mobile technology, much more is required to make mHealth 
work (Braa and Nielsen, 2013; Yu et al., 2006; Leon et al., 2012). Finally, individual papers 
that are part of this thesis also contribute to literature on digital infrastructures, either by 
proposing new theoretical perspectives or extending on existing ones.  
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1.8 Research Approach 
The research centred on two related pilots running two DHIS Mobile solutions for routine 
health data reporting, between 17 health facilities and a district health office, in Lilongwe, 
Malawi. The pilots sought to extend the reach of the national digital HMIS solution beyond 
the district level, to primary health facilities. The pilots commenced during the second half of 
2011 and run until the first half of 2014. Between March and April 2014 the DHIS Mobile 
solutions were extended to a further 29 health facilities, thereby covering all public health 
facilities in Lilongwe district. In addition to the DHIS Mobile pilots, the thesis also accounts 
for broader historical HMIS efforts in Malawi, covering the period 1999 to 2014. 
 
1.9 Summary of the Chapter and Structure of the Thesis 
In this chapter, I have presented the background and motivation upon which this thesis is built. 
The chapter started with a brief account of man’s efforts in technology development and then 
progressed to discuss the necessary overlap between technology development and 
maintenance work. After this, it has been established that the interplay between short-term 
technology development efforts and concerns for long-term maintenance and continuity, 
result in tensions that if not well managed may derail infrastructure efforts. The chapter also 
presents the problem area for my research, together with an overview of concerns regarding 
temporality in digital infrastructure. This was, then, followed by a presentation of study aims, 
research questions, intended contributions, and an overview of my research approach.  
The rest of this thesis is organised as follows: Chapter 2 provides a review of related extant 
literature, and the theoretical framework adopted in this thesis. Chapter 3 presents the 
empirical setting for this study, and a description of empirical cases. Chapter 4 covers 
research methodology. Research findings from the papers included in this thesis are presented 
in chapter 5. Chapter 6 discusses research findings, as well as theoretical and practical 
contributions, together with related implications. Chapter 7 presents concluding remarks and 
suggestions for further research. A list of appendices, which includes papers that are part of 
this thesis, follows thereafter. 
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Chapter 2: Theorising Digital Health Information Infrastructure 
 
This chapter starts with a review of mHealth interventions and the need to consider such 
within the context of wider health information systems (HIS) efforts. Thereafter, the chapter 
discusses perspectives on temporality, to guide conceptualization and negotiation of concerns 
and tensions pertaining to design, implementation, and maintenance of infrastructure. The 
discussion of perspectives on temporality also highlights limitations to individual perspectives. 
In the end, synthesis of individual perspectives leads to proposition of a theoretical framework, 
which combines existing perspectives.  
Over the past decade mobile technology has provided an imperative to re-envision health data 
collection and communication in infrastructure sparse contexts (Chigona et al., 2012; 
Asangansi et al., 2013; Shozi et al., 2012; Sanner et al., 2012). The application of mobile 
technology solutions to support healthcare delivery and management has been termed 
mHealth (Istepanian et al., 2004; Yu et al., 2006). Yu et al. (2006) define mHealth as 
“healthcare facilitated by the convergence of mobile and desktop healthcare information 
systems, wireless technology and other networks such as Bluetooth and cellular networks, 
which is composed of people and healthcare processes that are facilitated by wireless and 
possibly wired connectivity, desktop and mobile healthcare applications” (ibid: pp. 181 – my 
own emphasis). 
Reported benefits of mHealth applications include: rapid communication of data, which 
shortens the time from data collection to aggregation and analysis (Leon et al., 2012); training 
of personnel via distance learning; improving patient access to medication via electronic 
prescription systems (ibid). Studies have also reported improved communication between 
community health workers and their supervisors, to aid care delivery (Leon et al., 2012; 
Manda and Herstad, 2010). Other benefits include: reduction in transcription errors, through 
elimination of intermediate levels of data entry; improvements in data quality, through 
embedded logic for data validation; and reduced data-entry workload for those charged with 
consolidation of reports (DeRenzi et al., 2011; Ganesan et al., 2011). 
Despite the potential shown by mHealth, significant challenges remain. Much as previous 
studies argue that mHealth requires mobilization of heterogeneous groups of stakeholders, 
technologies, and work practices (Yu et al., 2006), mHealth interventions have largely 
ignored the broader health systems context (Leon et al., 2012; Braa and Nielsen, 2013). The 
12 
 
mHealth landscape  is  also beset  with  a  plethora  of  loosely  coordinated  and  short-term  
focused  pilot interventions that are unable to scale - termed pilotitis (Labrique et al., 2013). 
Despite ignoring the wider health systems setup, studies indicate that most of the challenges 
to mHealth go beyond mHealth itself and are related to challenges in the wider health system 
setup (Braa and Nielsen, 2013; Aranda-Jan et al., 2014). Ignoring the wider health systems 
setup, therefore, hides complexities to developing digital infrastructure, resulting in a dearth 
in guidance on how to acquire and implement mHealth technology at scale (Leon et al., 2012). 
Such observations have led to growing calls for mHealth interventionists and scholars to take 
an ecological view to mHealth, accounting for organizational forms, work practices, 
interacting technological platforms, funding schemes, convergence and divergence in interests, 
etc., as is the case with mainstream digital infrastructure studies. Figures 2-1 and 2-2 depict 
frameworks suggested by Leon et al. (2012) and Braa and Nielsen (2013), to this end. 
 
 
Figure 2-1: Health systems framework 
for decision-making about mHealth 
(Leon  et al. 2012) 
 
Figure 2-2: Facets for mHealth 
infrastructure (Braa and Nielsen 2013)  
Despite some variations in the frameworks, the key message is that where mHealth 
solutions are meant to extend on existing HIS, there is need to leverage and contend with 
the above-depicted constitutive socio-technical elements. Next, I discuss concerns to 
infrastructure design, implementation, and maintenance. 
2.1 An Overview of Concerns to Infrastructure Design, Implementation, Maintenance 
Infrastructures, especially those in the making, are agonistic phenomena: imagined, 
produced, refined, and occasionally reassessed in a stratified and deeply conflictual field 
(Edwards et al., 2007). Thus, developing digital infrastructure entails negotiating competing 
stakeholder interests and concerns to design, implementation, use, and maintenance, which 
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span multiple temporal scales, together with tensions thereof (Pipek and Wulf, 2009; Pollock 
and Williams, 2010; Edwards et al., 2007). In part, introduction of new infrastructural 
technologies demands reflection on their design, regarding how to respond to both current 
and emergent needs (Hanseth and Lyytinen, 2010; Monteiro et al., 2013). There is also need 
for appropriate implementation strategies, to guide integration of novel technologies into 
existing socio-technical arrangements (Hanseth and Aanestad, 2003; Skorve and Aanestad, 
2010). Those seeking to provide infrastructural solutions are also faced with concerns 
regarding how to attract use (demand-side adoption) (Hanseth and Aanestad, 2001; Hanseth 
and Lyytinen, 2010). The challenge of integrating novel technologies into an existing 
installed base and attracting demand-side adoption has been termed the bootstrap problem 
(Hanseth and Aanestad, 2001; Hanseth and Lyytinen, 2010), whereas that pertaining to 
openness to change, has been termed the adaptability problem (Hanseth and Lyytinen, 
2010). Intertwined with concerns regarding growing demand-side adoption, are efforts to 
negotiate control to key parts of the installed base (supply-side control), so as to influence 
infrastructure development trajectories (Sahay et al., 2009; Jansen and Nielsen, 2005). 
Development of infrastructure “is always a contested process, tied as it is to questions 
around access, power, and the life chances of groups and individuals” (Edwards et al., 2007: 
pp. 38). Furthermore, long-term maintenance of infrastructure is an equally critical concern, 
which requires consideration early on in digital infrastructure efforts (Karasti and Baker, 
2004; Ribes, 2014). Negotiation of the concerns above forms a basis for enacting and 
institutionalizing novel technologies into stable platforms that support everyday productivity 
(Pipek and Wulf, 2009; Fountain, 2001). Table 2-1, presents a summary of the concerns. 
Table 2-1: Concerns to design, implementation, and maintenance of infras tructure 
Concerns Description 
Technology and 
implementation design 
Considerations on novel technology design, interplay with 
existing socio-technical installed base, and how to go about 
introducing new technology 
Growing demand-side 
adoption 
Attracting adoption, to achieve self-sustaining growth 
momentum (Hanseth and Lyytinen, 2010) 
Enacting and 
institutionalizing 
technology 
Transitioning experimental technologies into viable 
infrastructural solutions (Fountain, 2001) 
Negotiating supply-side 
control 
Pursuing control to parts of the installed base, so as to 
implement changes that shape infrastructure development 
trajectories in line with one’s interests (Nielsen, 2006) 
Long-term maintenance 
and continuity 
Promoting long-term maintenance of technological 
solutions and continuity of infrastructure efforts, beyond 
individual project arrangements (Ribes and Finholt, 2009) 
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The concerns above are spread across phases of digital infrastructure, and gain prominence 
at different points in time. It is, therefore, necessary that we consider temporality in digital 
infrastructure efforts, to aid accounting and negotiation of such concerns, as well as 
foreground the emergence of digital infrastructure (Karasti, 2014b; Pollock and Williams, 
2010; Edwards et al., 2007). 
2.2 Temporality in Digital Infrastructure 
The ancient Greeks differentiated two kinds of time, “kairos (opportunity or the propitious 
moment) and chronos (eternal or ongoing time). “While the first…offers hope, the second 
extends warning” (Brand, 2008: pp. 9, citing Brown 1996 - Venice and Antiquity). 
Consideration of both aspects of time is essential, considering that time and space provide 
the context within which the social processes around technology implementation and use are 
situated, unfold, and should be explored (Sahay, 1997; Ribes and Finholt, 2009). For 
example, when introducing new technologies, stakeholders are, over the short-term, likely to 
be pre-occupied with attending to the exigencies of technology design, implementation, and 
growing demand side adoption, to achieve growth momentum (Aanestad and Jensen, 2011; 
Skorve and Aanestad, 2010). Other prevailing concerns at this stage might relate to 
identification of appropriate implementation strategies to minimize disruptions to existing 
socio-technical arrangements and accommodate emergent issues (Hanseth and Aanestad, 
2001; Skorve and Aanestad, 2010; Asangansi, 2012). Successful implementation of 
technology is particularly a preoccupation of project-based support arrangements, where 
stakeholders need to demonstrate successful outcomes at the close of projects (Ribes and 
Finholt, 2009; Markus, 2004). 
Beyond initial technology implementation, and with the passage of time, stakeholders find 
themselves grappling with the practical work of transitioning novel technological offerings 
into institutionalized solutions that support everyday productivity (Fountain, 2001; Aanestad 
et al., 2014). Previous studies suggest that application of technology to achieve set goals 
demands more than the action possibilities provided by individual technological artefacts 
(Pentland and Feldman, 2008). New technologies are enacted, i.e. made sense of, designed, 
and used through human action and the mediation of organizational and institutional 
arrangements (Fountain, 2001; Ackerman et al., 2012; Rose and Jones, 2005). Consequently, 
making novel technologies work requires ongoing changes to both novel and existing 
technologies and practices (Ackerman et al., 2012; Rose and Jones, 2005; Aarts et al., 2004). 
There might also be need to attend to breakdowns that ensue in trying to integrate novel 
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technologies into existing socio-technical arrangements. In the end, infrastructure work 
stretches across phases of infrastructure - design, implementation, maintenance, evolution - 
and has been discussed under different tags such as articulation work (Strauss, 1988), 
technology enactment (Fountain, 2001), and infrastructuring (Pipek and Wulf, 2009). 
Over the long-term, usually when initiating projects have folded, maintenance and 
replacement of aging technology become dominant concerns (Karasti et al., 2010; Kimaro 
and Nhampossa, 2005). Some digital infrastructures, such as HIS need to remain in place 
over very long periods - the lifetimes of human beings, or the century-to-millennium scale of 
epidemic diseases - or risk dire consequences for knowledge and human welfare (Edwards et 
al., 2009). In addition, “today’s universal solution will, on some not too distant day, become 
tomorrow’s quaint and inflexible legacy system” (ibid: pp. 371).  
Considering that digital infrastructure efforts are predominantly dependent upon short-term 
project-based support arrangements, there is need to combine negotiation of short-term 
concerns to technology design and implementation, with development of persistent 
arrangements that may support long-term maintenance (Kimaro and Nhampossa, 2007; 
Ribes and Finholt, 2009; Kimaro, 2006). Without intentional reflection on long-term 
concerns, we are in danger of being overwhelmed by concerns that pertain to the here-and- 
now, i.e. taken for granted project or implementation centred short-term temporal thinking 
(Karasti et al., 2010). Consequences from lack of long-term focus include development of 
infrastructure that is difficult to evolve (AbouZahr and Boerma, 2005) and poor development 
of maintenance capacity, to support implemented solutions (Kimaro and Nhampossa, 2007; 
Lucas, 2008; Sheikh and Braa, 2011). Combination of short-term design and implementation 
concerns, with those for long-term maintenance has been termed the long now view (Ribes 
and Finholt, 2009; Brand, 2008) or infrastructure time thinking (Karasti et al., 2010). 
Although consideration of temporality in technology studies is to be encouraged, it may be 
challenging for at least two reasons. First, it is challenging to attain a consistent view on 
temporal frames as people view time from different perspectives (Sahay, 1997; Karasti et al., 
2010; Karasti, 2014b). Quoting a colleague’s reflection on the definition of now, Brand 
(2008) writes: “on the stock exchange it’s today, on the Net it’s a month, in fashion it’s a 
season, in demographics a decade, in most companies it’s the next quarter” (: pp. 29). In the 
same manner, definitions on short-term and long-term temporal frames vary considerably 
across literature. Whereas studies on human computer interaction  might define the short-
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term in terms of seconds or minutes and the long-term in terms of days, weeks, and months 
(Dix et al., 1998), definitions of the same, might vary between a few years and several 
decades, among stakeholders in digital infrastructure studies (Karasti et al., 2010). 
Divergence in views on temporality has implications on the interpretation of technological 
change and long-term maintenance of digital infrastructure, especially where such processes 
extend beyond initiating project-based support arrangements (Markus, 2004). “Short-term 
experiences of gain and loss will shape the incentive structures of individuals and institutions 
tasked with responding to infrastructural change. This in turn will shape the climate within 
which infrastructures struggle to emerge” (Edwards et al., 2007: pp. 24) 
Building on Karasti et al. (2010), the definition of short-term is in this thesis restricted to 
within funded project time. Karasti et al. (2010) term this ‘project time’. Project time as a 
temporal orientation “is closely linked with the notions of project, project management and 
project-based organization” (Karasti et al., 2010: pp. 403). Thus, project time comes to a 
close at the end of a project. On the other hand, the notion of long-term builds on the notions 
of ‘infrastructure time’ (Karasti et al., 2010) and long now (Ribes and Finholt, 2009; Brand, 
2008), which cover multiple temporal scales (past, present, and future). Compared to project 
time, infrastructure time temporal orientation varies between being open and close ended, 
but favours open-endedness, stretching beyond the life spans of individual project 
arrangements (Karasti et al., 2010; Ribes and Finholt, 2009). 
Another challenge to considering temporality in digital infrastructure efforts, especially 
combination of short-term and long-term concerns, is a dearth in frameworks that account 
for short-term implementation concerns as part of long term infrastructure objectives 
(Karasti et al., 2010; Pollock and Williams, 2010). Next, I review existing perspectives on 
temporality, along with their key points of focus and limitations. 
2.3 Conceptualizations of Temporality in Digital Infrastructure 
There are at least two streams of literature on digital infrastructure, with varying emphasis 
on temporality. One has its empirical roots in the evolution of the Internet, whereas the other 
has its foundations in the study of knowledge/e-infrastructures. The stream of literature with 
empirical roots in Internet studies takes a purely incremental and iterative view of digital 
infrastructure, with implicit treatment of temporal scales, especially the long-term. Central 
arguments to this stream of literature are that change has to be discovered along the way and 
central control mechanisms diminish significantly as infrastructures grow, meaning 
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infrastructure growth is void of any form of central control (Hanseth and Aanestad, 2003; 
Hanseth and Lyytinen, 2010; Ciborra et al., 2000; Aanestad and Jensen, 2011): 
“change [in stepwise development of large comprehensive networks] is not 
possible to predict and specify today – it has to be discovered along the way...shared 
solutions will be produced as the aggregate outcome of the actions of independent 
actors – not an overall master plan” (Hanseth and Aanestad, 2001: pp. 2) 
 
“Nothing has ever been sustainable, and nothing will ever be. Change is 
inevitable… sustainability models and frameworks will not predict the future or 
guarantee a sustainable project” (Ali and Bailur, 2007: pp. 12) 
Suggested incremental and iterative perspectives to digital infrastructure include: bricolage 
(Ali and Bailur, 2007; Ciborra, 1992; Ciborra, 1998); the information infrastructure theory 
(Hanseth and Lyytinen, 2010), which advances constructs such as bootstrapping (Hanseth 
and Lyytinen, 2010; Hanseth and Aanestad, 2001; Hanseth and Aanestad, 2003).  Bricolage 
argues that innovation emerges from tinkering through the combination of resources at hand 
(Ciborra, 1992; Ciborra, 1998). It is about accepting co-existence with the messiness of 
worldly routines and surprises, and leveraging the world as defined by the situation at hand, 
rather than setting ideal plans (Ali and Bailur, 2007; Ciborra, 1992). Beyond the argument 
that change has to be discovered along the way, bootstrapping (Hanseth and Lyytinen, 2010) 
advances explicit design principles to promote installed-base friendly innovation, learning, 
and application of lessons learned. The strategy argues for: a judicious approach to 
technology and implementation design and building on the existing socio-technical installed 
base. Bootstrapping also provides explicit guidelines for attracting demand-side adoption, to 
achieve self-sustaining growth momentum, for novel technological offerings (ibid). 
On the other hand, concerns for the long-term are a central feature in knowledge/e- 
infrastructure studies. Perspectives in use include: the long now of infrastructure (Ribes and 
Finholt, 2009), biography of artefacts/infrastructure (Pollock and Williams, 2010), and 
continuing design (Karasti et al., 2010). Continuing design is a juxtaposition of the 
aforementioned notions ‘project time’ vs. ‘infrastructure time’ (ibid). Central to these 
perspectives is a need to view short-term cycles of development and associated tactics, as 
phases in a longer-term biography of developments and strategies to institutionalise 
technology, roles and organisations (Karasti et al., 2010; Ribes and Finholt, 2009; Pollock 
and Williams, 2010). Combination of short-term and long-term concerns has been termed the 
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long now view (Brand, 2008) or infrastructure time thinking (Karasti et al., 2010). 
The long now view comes from realizing that “we are not the culmination of history, and we 
are not start-over revolutionaries; we are in the middle of civilization’s story” (Brand, 2008: 
pp. 31). In other words, the long-term view demands that we collapse “the realm of 
immediate responsibility, one in which we feel we have volition, where the consequences of 
our actions are obvious and surprises limited” (ibid: pp. 29) with a sense of responsibility to 
the future. The idea is not to control the future, but rather to give it tools to help itself. “Like 
a tree, civilization stands on its past” (Brand, 2008: pp. 126). It is also widely acknowledged 
that digital infrastructures are not built from scratch but upon some installed base (Star and 
Ruhleder, 1996; Monteiro et al., 2014). Regarding this, “rigorous long-view thinking makes 
responsibility taking inevitable because it responds to the slower, deeper feedback loops of 
the whole society and natural world” (Brand, 2008: pp. 118). In the order of infrastructure 
development, the fast layers of project time innovate; the slow infrastructure time layers 
stabilize. The whole combines learning and continuity. Enabling this requires mediation 
between the open-endedness of infrastructure and “the short-range planning inherent to work 
with technology and with associated short-term projects” (Karasti et al., 2010: pp. 399). 
The long now perspective (Ribes and Finholt, 2009), seeks to conceptualise the problem 
space for digital infrastructure design, implementation and maintenance. The perspective 
conceptualizes an infrastructure problems space as a collection of tensions, which emerge at 
the intersection of scales of infrastructure work and concerns for long-term sustainability. 
Continuing design is a development orientation that combines short and long-term temporal 
scales, traditionally perceived as at odds with each other, as foundational design 
considerations to infrastructure development (Karasti et al., 2010). Table 2-2 provides a 
summary of perspectives that are central to this thesis. 
 
Table 2-2: Summary of conceptualizations of temporality in digital infrastructure  
Framework      Foundational elements Temporal awareness 
Bootstrapping  Design principles: (i) technology and implementation 
design; (ii) pursuing demand-side adoption 
Implicit treatment of 
temporal scales 
Long now  Conceptualization of infrastructure design problem 
space –scales of  infrastructure work and concerns for 
long-term sustainability 
 Short-term vs. long-term concerns as a tension 
Long now thinking 
Continuing 
design 
 Short-term vs. long-term tensions as foundational 
elements of infrastructure design – innovation points 
Long now thinking 
 
Next, I discuss the perspectives bootstrapping, long now, and continuing design, which I 
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have applied at various stages of my research journey. In discussing these perspectives, I 
mainly focus on their key points of focus and associated limitations. Bricolage and the 
Biography of Artefacts (BoA) perspective are not discussed further, as their points of 
relevance to my work are covered by bootstrapping (in the case of bricolage) and the long 
now and continuing design perspectives (in the case of the BoA). 
2.3.1 The Bootstrapping Strategy: Technology Design, Implementation and Growing 
Demand-side Adoption 
The bootstrapping strategy recognises the importance of direct usefulness of technological 
solutions to target end-users, to motivate adoption. The strategy builds on a network 
economics perspective to conceptualise, and provide a prescriptive guide on how to 
transition digital infrastructure offerings from having no adopters to gaining adoptions that 
spur momentum for self-reinforcing growth. Network economics assumes that a proposed 
infrastructure gains cumulative attractiveness and self-reinforced growth through growing 
user adoption and demand-driven mechanisms (Hughes, 1983; Hughes, 1987). Table 2-3 
provides a summary of principles advanced by bootstrapping (Hanseth and Lyytinen, 2010). 
Table 2-3: Bootstrapping: technology design, implementation, growing demand-side 
adoption – adapted from (Hanseth and Lyytinen 2010) 
Bootstrapping Principles 
 target IT capability to a small group 
 make IT capability simple to implement and use 
 Make IT capability directly useful without a large installed base 
 Design for one-to-many IT capabilities in contrast to all-to-all capabilities 
 Satisfy needs of the most motivated users first 
 Minimize adoption barriers 
 Expand installed base by persuasive tactics to gain momentum 
By following the principles above, it is assumed that designers can aid self-sustaining 
growth momentum in infrastructure. However, the strategy has at least two shortfalls. 
First, the bootstrapping perspective presents the view of some designer (individual or 
coherent group) with sufficient control to influence digital infrastructure development 
trajectories. In doing this, the strategy underplays the significance of the presence of 
multiple independent stakeholders, with competing interests, who have control over 
different parts of an installed base and, therefore, have a hand in the development of 
infrastructure (Nielsen, 2006). It should be known that the continued evolution of 
technological offerings demands more than their cumulative attractiveness (ibid). 
20 
 
Second, an exploratory perspective such as bootstrapping, which assumes that digital 
infrastructures progress without meaningful central control mechanisms, may lead to 
fragmented systems: 
“If we allow exploratory, “bottom-up” and ad hoc design, how can the proliferation of 
fragmented and incompatible solutions be avoided? What will happen when there is no 
central authority with the responsibility for standardising?” (Aanestad, 2002: pp. 40) 
Assumptions that change has to be discovered along the way and that digital infrastructures 
progress without meaningful central control mechanisms may not work well with goal-
directed digital infrastructures such as HIS. HIS have a significant presence of central 
coordinating bodies such as health ministries or national statistical offices and are often 
supported by a multiplicity of independent project-based interventions that require 
coordination. The bootstrapping perspective could benefit from combination with 
perspectives that account for long-term concerns, the presence of multiple actors working on 
different parts of an installed base, and central organizing mechanisms. The long now (Ribes 
and Finholt, 2009) and continuing design (Karasti et al., 2010) may be of help in this regard. 
2.3.2 The Long now Perspective: Conceptualizing the Problem-space for Digital 
Infrastructure Design, Implementation, Maintenance 
The long now perspective conceptualizes the problem space for developing digital 
infrastructure as a set of tensions that emerge at the intersection of scales of infrastructure 
work (enacting technology, organizing work, and institutionalizing) and concerns for long-
term sustainability (aligning end-goals, motivating contribution across stakeholder groups, 
designing for use) (Ribes and Finholt, 2009). Tensions can be defined as inner striving, 
unrest, or imbalance from seemingly opposing forces or conflicting demands to make 
decisions (Kee and Browning, 2010; Carlsson and El Sawy, 2008). Extant literature suggests 
that digital infrastructure cannot be fully realized purely on the basis of elaborate maps or 
blueprints (Jackson et al., 2007; Aanestad and Jensen, 2011). In the absence of such, tensions 
act as points of imagination, planning, and implementation of digital infrastructure, and thus 
can be considered as one of the chief sources of infrastructural change, innovation, growth, 
and learning over time (Edwards et al., 2007). Table 2-4 provides a summary of concerns 
and tensions advanced by Ribes and Finholt (2009). 
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Table 2-4: Tensions to infrastructure – adapted from (Ribes and Finholt 2009) 
Concerns for 
sustainability 
Scales of infrastructure work 
Enacting 
Technology  
Organizing Work Institutionalizing 
Aligning End-goals inclusion vs. 
readiness 
planned vs. 
emergent 
project vs. facility 
Motivating 
Contribution 
research vs. 
production systems 
development vs. 
maintenance 
individual vs. 
community 
Designing for Use today’s 
requirements vs. 
tomorrow’s users 
research vs. 
development  
communities vs. 
constituencies 
Infrastructure work is considered necessary to the negotiation of identified tensions, to aid 
enacting and institutionalizing of novel technologies. 
Enacting Technology: Enacting technology is about accounting for the practical work of 
trying to make novel technology work, in the context of other existing and evolving 
technological arrangements, practices, and mitigating organizational arrangements 
(Ackerman et al., 2012; Rose and Jones, 2005; Fountain, 2001). Tensions relating to 
technology enactment may include: whether to develop technology with focus on users with 
necessary technical expertise and equipment or provide additional support to those lagging 
behind (inclusion vs. readiness); developing experimental systems, versus creation of stable 
resources for everyday use (research vs. production quality systems); addressing current user 
needs, but maintaining flexibility to accommodate future needs (today’s requirements vs. 
tomorrow’s users) (Ribes and Finholt, 2009). 
Organizing Work: Humans are essentially organizing beings. Organizing is at the core of 
what we do, whether simple and routine or more complex and less well defined (Papa et al., 
2006). As aforementioned, making technology work requires contributions from different 
stakeholders, with different interests and working time scales. There is also need to switch 
between well-articulated plans and ad-hoc actions, to address technology breakdowns or take 
advantage of present opportunities. In organising for change “one should expect problems to 
arise and prepare to resolve problems judiciously” (Papa et al., 2006: pp. 36). 
Tensions relating to organizing work include: adherence to detailed plans, versus responding 
to emergent issues (planned vs. emergent organisation); pursuing balance between scientific 
research work and technical tasks that contribute to infrastructure development (research vs. 
development); pursuing balance between continued development of new resources and 
maintaining existing ones (development vs. maintenance) (Ribes and Finholt, 2009). 
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Institutionalizing: Where implemented technologies are meant to transition into stable 
platforms that support everyday productivity, there is often a need to develop persistent 
arrangements to support such. A technology is said to be institutionalized when it is 
integrated into users’ work practices and becomes a taken-for-granted part thereof (Silva and 
Backhouse, 1997). Tensions relating to institutionalisation include: securing long-term 
financial and technical support, versus reliance on project-based resources (project vs. 
facility); pursuing own interests, versus prioritising the development of functional 
community infrastructure (individual vs. community interests); responding to the needs and 
interests of larger and more general users groups, against those of smaller and specialised 
groups (general communities vs. specific constituencies) (Ribes and Finholt, 2009).  
Although the long now perspective aids conceptual mapping of an infrastructure 
development problem space, it has a couple of shortfalls. First, the perspective largely views 
short-term vs. long-term tensions as problematic, rather than foundational elements of 
infrastructure design (Karasti et al., 2010). Second, the long now perspective (Ribes and 
Finholt, 2009) does not provide sufficient detail on how to negotiate identified tensions and 
account for practices implicated in attempts to develop viable digital infrastructure solutions 
(Karasti et al., 2010). The notion of continuing design (Karasti et al., 2010) seeks to address 
these shortfalls to the long now perspective. 
2.3.3 Continuing Design: Temporal Tensions as Points for Possible Innovation 
As aforementioned, beyond challenges they present, tensions can also act as points of 
imagination, planning, and implementation of digital infrastructure. Thus they ought to be 
engaged constructively and should be leveraged for their contributions towards attainment of 
objectives to digital infrastructure under development (Edwards et al., 2007).  
The notion of continuing design (Karasti et al., 2010) views digital infrastructure 
development as “an active mix of on-going—never-ending—negotiations that create an 
always reviewed and renewed balance among activities meeting short-term goals while 
addressing long-term aims and ramifications” (Karasti et al., 2010: pp. 403-404). Karasti et 
al. (2010) advance concepts ‘project time’ and ‘infrastructure time’ (discussed in section 
2.2) to illustrate temporal tensions and the continuing work of simultaneously building and 
using, maintaining and redesigning infrastructure, both within and beyond individual short-
term project support arrangements. Continuing design recognizes that efforts within project 
time can provide impetus for the infrastructure time based development orientation (ibid).  
23 
 
Despite its strengths continuing design (Karasti et al., 2010) shares one important limitation 
with other design-centred perspectives such as bootstrapping (Hanseth and Lyytinen, 2010; 
Hanseth and Aanestad, 2001) and long now (Ribes and Finholt, 2009) – these frameworks do 
not sufficiently address the politics and power asymmetries at play in infrastructure 
development efforts. Aforementioned concerns regarding infrastructure design, 
implementation, and maintenance are intertwined with ongoing pursuit of control to key 
parts of the installed base, as stakeholders attempt to influence development trajectories to 
suit their interests (Nielsen, 2006; Ali and Bailur, 2007; Sahay et al., 2009). Stakeholders 
may exert influence on infrastructure development trajectories, at certain points in time, 
when in control of infrastructure components such as software platforms, standards, business 
models, and institutionalized ways of cooperation (Yoo et al., 2010; Aanestad and Jensen, 
2011; Elaluf-Calderwood et al., 2011). Although some scholars argue that those involved in 
the design of digital infrastructure should avoid dependence on parts they are not in control 
of (Hanseth and Lyytinen, 2010), this is easier said than done, considering the heterogeneity 
of interacting socio-technical elements in digital infrastructure undertakings. The pursuit of 
control among those trying to provide infrastructural solutions (the supply-side) maybe 
exercised at least two levels: (i) individual stakeholder groups or projects, attempting to get 
into positions of influence (see: Aanestad and Jensen, 2011; Nielsen, 2006); (ii) 
infrastructure level, where organizations charged with coordinating infrastructure efforts, 
seek to mobilize and organize the participation of multiple independent stakeholders 
(Aanestad and Jensen, 2011; Zimmerman and Finholt, 2007; Karasti and Baker, 2004). Table 
2-5 provides a summary of the above reviewed perspectives, indicating their limitations. 
Table 2-5: Summary of perspectives on temporality, indicating their limitations 
Framework Limitation 
Bootstrapping  Implicit treatment of temporal scales, especially the long-term 
 Bottom-up approach may lead to system fragmentation 
 Weak coverage of implications of distributed control on the supply-side 
Long now 
framework 
 Mostly views temporal tensions as problematic 
 Does not sufficiently account for actual practices to negotiating tensions  
 Weak coverage of implications of distributed control on the supply-side 
Continuing design  Weak coverage of implications of distributed control on the supply-side 
2.3.4 Views on Control and Participation in Digital Infrastructure Efforts 
Views and responses to the exercise of control vary considerably across literature, with some 
scholars and practitioners adopting extreme positions. For example, in a bid to sanitize the 
mHealth landscape filled with a plethora of poorly coordinated interventions, the Ministry of 
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Health in Uganda issued a moratorium on mHealth interventions, demanding that 
interventions first be cleared with ministry (McCann, 2012; Mattsson and Sabuni, 2013). On 
the other hand, some scholars advance arguments of the inevitability of progressive 
weakening central control mechanisms and movement towards drift (deviation from intended 
objectives and control structures), as infrastructures grow (Hanseth and Lyytinen, 2010; 
Ciborra et al., 2000). Yet others, argue that “this pessimistic formulation runs the risk of 
offering a fatalistic account of the necessity of failure” (Pollock and Williams, 2010: pp. 20). 
This position is supported by Tjornehoj and Mathiassen (2008), who argue that control and 
drift are not necessarily alternative management philosophies. Rather, they are 
complementary and intrinsically related opposites of a dialectical relationship. In the face of 
such contradiction in perspectives shall we, then, go by the Spanish phrase I dearly love: qué 
será será (what will be, will be), popularised by a similarly titled song from a 1956 Alfred 
Hitchcock film - The Man Who Knew Too Much? Most certainly not, I would argue. I side 
with views by Pollock and Williams (2010) and Tjornehoj and Mathiassen (2008), especially 
when discussing goal-oriented infrastructure such as HIS, as is the case herein.  
Although the pursuit of absolute control is a futile undertaking, progressive weakening of 
central control mechanisms and inevitable progressions towards drift (Ciborra et al., 2000) 
need not be accepted as a necessary feature for all kinds of digital infrastructure efforts. As 
aforementioned, HIS are by nature goal directed systems, which demands unified visions to 
achieve integrated national infrastructure. Although not all innovation processes require 
centralization, and need not be, the oversight of central coordinating bodies such as 
ministries of health might be necessary, especially where there are multiple loosely 
coordinated project-based arrangements. Debates around HIS fragmentation/integration are 
indicative of a need for some form of central control (Chaulagai et al., 2005; Kanjo et al., 
2009; Galimoto, 2007; Braa and Sahay, 2012). Studies on research infrastructures recognize 
the significance of persistent central control mechanisms and interests (e.g. research 
organizations and objects) in guiding stakeholder participation and efforts around design, 
implementation, and maintenance of goal-directed infrastructures (Zimmerman and Finholt, 
2007; Karasti et al., 2010; Ribes and Polk, 2014; Ribes, 2014). Zimmerman and Finholt 
(2007) discuss gateway organizations (collectives of scientific communities) as an enabler 
for collaborative development of large-scale research infrastructures. Gateway organizations 
afford collaboration across research sites, providing a platform for aligning divergent and 
competing goals, developing unified visions, and accessing technical expertise (ibid). 
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Though functional, it is necessary to point out that central control mechanisms might 
increase coordination overheads (Aanestad and Jensen, 2011).  
Aanestad and Jensen (2011) argue for a modular (incremental) approach to mobilizing and 
organizing stakeholders in implementation of technological solutions. Their argument builds 
on the bootstrapping logic (Hanseth and Lyytinen, 2010). The idea is to cut down on 
coordination overheads and need for long-term commitment from multiple stakeholders, by 
starting small, getting grounded, and growing as technological solutions become stable. An 
advantage to the modular approach is that persuasive tactics may be easier to apply (ibid). 
Karasti et al. (2010) also recognize modularity as a way to lowering the level of temporal 
commitment required of stakeholders in the implementation of a universal ecological data 
standard. Initial grand scale implementation of the standard quickly ran into murky waters, 
as it required the participation of a large community of users, with varying local interests, 
work practices, and technological solutions. Despite the above mentioned benefits, 
modular/incremental approaches might suffer from short-term focus and duplication of 
efforts (Karasti et al., 2010; AbouZahr and Boerma, 2005; Aanestad, 2002). In light of the 
foregoing, I argue for a combination of modularity (Aanestad and Jensen, 2011), and 
participative central control mechanisms (Zimmerman and Finholt, 2007; Karasti and Baker, 
2004), in mobilizing and organizing stakeholders in the design, implementation, and 
maintenance of infrastructure. Next, I discuss the theoretical framework advanced herein. 
2.4 Theoretical Framework 
This study builds on the long now perspective (Ribes and Finholt, 2009); continuing design 
(Karasti et al., 2010); and bootstrapping (Hanseth and Lyytinen, 2010; Hanseth and 
Aanestad, 2001), which have varying temporal focus, as well as emphasis and suggestions 
on how to negotiate tensions to infrastructure design, implementation, and maintenance. 
There are three principle reasons behind combination of these perspectives. The first is to 
allow for accounting and more explicit analysis of the following identified concerns and 
tensions to infrastructure design, implementation, use, and maintenance: technology and 
implementation design; growing demand-side adoption; negotiating supply-side control; 
long-term maintenance and continuity. Second, combination of the perspectives 
compensates for aforementioned limitations to individual perspectives (see table 2-5). Third, 
my approach, responds to calls for development of integrated theoretical and methodological 
frameworks, to allow for more nuanced analysis of how digital infrastructures emerge and in 
turn affect innovation outcomes (see: Yoo et al., 2010; Bowker et al., 2010). Table 2-6 
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depicts the proposed integrated framework. 
Table 2-6: Proposed integrated framework 
Perspective Contribution –Foundational elements 
Long now 
perspective 
 Conceptualization of infrastructure design problem space  
 Mapping short-term vs. long-term concerns as tensions 
Continuing 
design 
 The concepts of project time vs. infrastructure time, to account for 
negotiation of temporal tensions 
 Treating short-term vs. long-term tensions as points for innovation 
Bootstrapping  Explicit design principles for: (i) technology intervention design; (ii) 
growing demand-side adoption 
In the integrated framework, the long now perspective (Ribes and Finholt, 2009) offers 
continuing design (Karasti et al., 2010) and bootstrapping (Hanseth and Lyytinen, 2010) 
conceptualization of the problem space within which choices for developing infrastructure 
are made. As aforementioned, the long now perspective foregrounds tensions that emerge at 
the intersection of scales infrastructure work (enacting technology, organizing work, and 
institutionalizing) and concerns for long-term sustainability (aligning end-goals, motivating 
contribution, designing for use). In turn, the long now perspective gains more nuanced 
treatment of actual practices that ensue as stakeholders continuously pursue balance between 
short-term and long-term concerns and tensions, through shifting priorities and combinations 
between short-term and long-term. 
In the framework, bootstrapping (Hanseth and Lyytinen, 2010) offers the long now and 
continuing design perspectives explicit strategy on how to approach technology design and 
implementation, especially how to grow demand-side adoption, in order to achieve growth 
momentum. In turn, the bootstrapping perspective gains explicit temporal awareness, 
especially regarding treatment of long-term concerns for maintenance, from pairing with the 
long now and continuing design perspectives. In addition to the long now perspective’s 
conceptualization of the problem space for developing digital infrastructure, bootstrapping 
may benefit from continuing design’s concepts of ‘project time’ and ‘infrastructure time’, 
which foreground stakeholders’ continuous negotiation of temporary balance between short-
term and long-term concerns. That way, bootstrapping new technologies is not purely about 
discovering things on the go, when attending to exigencies of technology design and 
implementation. Rather, the long now view acts as sensitizing device prompting practitioners 
to consider contributing to development of persistent organizational arrangements that 
enhance prospects for long-term maintenance and continuity, right from the start of digital 
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infrastructure efforts. Thus, building for long-term maintenance becomes a concern for the 
here-and-now, as practitioners gain an awareness that long-term viability of digital 
infrastructure is not just down to cumulative attractiveness of technological solutions. The 
bootstrapping perspective also benefits from awareness and treatment of multiple 
stakeholders, with competing interests, simultaneously working on different parts of the 
installed base, which is offered by the long now and continuing design perspectives. 
In chapter 6 (discussion and implications), I propose two further adjustments to the 
framework above, based on my research findings and application of the perspectives 
included in the framework above. The first adjustment proposes an additional dimension to 
the integrated framework above, to conceptualize dynamics regarding supply-side control. 
This adjustment builds on paper 4 (Sanner et al., 2014), which advances grafting (discussed 
in chapter 5), as a perspective on digital infrastructure innovation, where control on the 
supply-side is distributed. The notion of grafting is drawn from horticulture, where different 
plant stems with desirable traits are brought together and natured to form a union, which may 
lead to the propagation of desirable hybrids, should it hold. The notion of grafting theorizes 
innovation in digital infrastructure as a partly controlled process through careful alignment 
of resources and capacities. The perspective argues that in trying to influence both short-term 
and long-term infrastructure development trajectories, stakeholders: actively search for and 
possibly fashion opportunities to get into positions of prominence; pursue control over parts 
of the installed base, through forging alliances with key players; seek to retain control during 
early stages of implementation, but then embed that control into organizational arrangements 
that are likely to continue beyond their involvement, in order to influence long-term 
infrastructure development trajectories. 
The second adjustment is an extension to the long now perspective (Ribes and Finholt, 2009) 
in the form of an additional concern for sustainability – developing IT capacity (Manda, 
2015). This study identified poor IT capacity at both user (technology use and basic 
maintenance) and organizational level (implementation and maintenance) as impediments to 
technology implementation, use, and maintenance. Empirical findings suggest that 
availability and accessibility of IT capacity to aid technology, implementation, use, and 
maintenance warrants a separate dimension under concerns for long-term sustainability, 
suggested by the long now perspective (Ribes and Finholt, 2009). 
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Chapter 3: Research Context and Empirical Setting 
 
This chapter presents the domain, geographical, and empirical setting for this study. The study 
falls within the domain of information infrastructure studies, particularly health information 
systems development and application of mobile technology in support of healthcare delivery 
and management (mHealth). Studies on information infrastructure are concerned with guiding 
practice and theorizing complexities that surround development and maintenance of large-
scale technological offerings, which involve heterogeneous groups of stakeholders, 
technologies, practices, over an extended period of time. I am particularly interested in 
understanding the intentional shaping of health information infrastructures and how their 
idiosyncrasies influence development processes.  
3.1 Geographical Setting 
The main empirical setting for this study was Malawi, which is located in southern Africa and 
shares borders with Tanzania (to the North and Northeast), Zambia (to the West), and 
Mozambique (to the East, South and Southwest). The country is a former British colony and 
was known as Nyasaland, before gaining independence in 1964, and republican status in 1964. 
Malawi has an estimated total population of 15.91 million (UNdata, 2013) and a total land 
area of 118,484 Km2. The country’s population is mostly rural-based, with the 2008 
population census indicating that 84.7 percent of the population at the time lived in rural areas 
(NSO, 2008). Figure 3-1 shows a map of Malawi, with district and international borders. 
 
Figure 3-1: Map of Africa and Malawi 
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Malawi is sub-divided into three regions and twenty eight districts. Politically, the country 
was a one party state between 1964 and 1994. In June 1993 the country held a referendum on 
whether to maintain the one-party system of government or embrace multi-party politics. A 
majority of voters opted for a switch to multi-party politics. The country’s first multi-party 
elections followed in 1994. 
Despite clocking fifty years of independence in July 2014, Malawi’s socio-economic 
indicators remain poor. In 2011 Malawi had GDP per capita of $388.0 (a rise from $215.0 in 
2005) (UNdata, 2013). In the same year, the average proportion of dependents per household 
stood at 47 percent (NSO, 2012). NSO (2012) also reports that 21 percent of the population 
aged 15 years and above had never attended school (ibid).  
As a mark of its socio-economic status, the country is significantly donor dependent, with a 
significant part of its yearly operational budget dependent on donor support. For example, it 
was expected that 40 percent of the budget for the financial year 2012-2013 was going to be 
met by donors. When this did not materialise, due to fallout with donors, over public finance 
mismanagement, and subsequent withholding of donor aid, public service delivery was 
negatively affected. Similar fallout with donors, between 2011 and 2012, had also plunged the 
country into deep economic crisis, resulting in widespread forex and fuel shortages.  
3.2 Physical National Infrastructure Development 
Malawi has made considerable progress towards developing its infrastructure. For example, as 
of 2006, the country had already met the MDG target for water, ten years before the deadline. 
Only four other Sub-Saharan African countries had achieved the same  (Foster and Shkaratan, 
2011). The country has also made significant progress on investment and institutional reforms, 
introducing a road fund, in order to improve its road infrastructure. In addition, Foster and 
Shkaratan (2011) also report that institutional reforms for the power sector were ahead of the 
average score for Sub-Saharan Africa.  
 
Nonetheless, challenges remain. For example, power supply is unreliable, with power outages 
about three times the average levels observed in comparable countries (Foster and Shkaratan, 
2011). Table 3-1 shows a comparative summary of some key indicators for power, as reported 
by Foster and Shkaratan (2011). 
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Table 3-1: Comparative summary of some key indicators for power 
Indicators Unit Low income 
countries 
Malawi Middle-income 
countries 
Access to electricity % population 15.4 11 59.9 
Urban access to electricity % population 71 34 83.7 
Rural access to electricity % population 12 2.5 33.4 
Growth access to 
electricity 
% population/year 1.4 0.6 1.8 
Power outages Days/year 40.6 77 5.6 
Challenges such as poor access to electricity (34% in urban areas and 2.5% in rural areas), 
and power outages favour the use of mobile phones as an enabler of access to digital content, 
compared to more energy intensive ICTs such as desktop and laptop computers. Owing to this, 
Malawi’s Global System for Mobile communications (GSM) signal coverage reaches 93 
percent of the population and is amongst the highest in Africa and even exceeds the average 
of 85 percent across middle income countries. The expansion of GSM service in the country 
has almost reached the limits of commercial viability (Foster and Shkaratan, 2011).  
Core indicators on access to and use of ICT at household level, for the period 2010 to 2012, 
show that: only 8.7, 0.8, and 4 percent of households had television sets, fixed line telephones, 
and computers, respectively. In 2011, 36.3 percent of households had mobile phones. Figure 
3-2 depicts growth trends for mobile and fixed-line telephony, and fixed (wired) broadband 
Internet subscriptions, per hundred people, in the period 2000 to 2012. 
 
Figure 3-2:Growth trends in mobile telephony, fixed-line telephony and fixed (wired) 
broadband subscriptions– data source (ITU, 2013). 
The mobile phone industry in Malawi continues to grow with an increasing number of mobile 
innovations, such as mobile banking, being introduced to the market. 
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3.3 Health and Healthcare 
In Malawi, people access health services both within and outside the formal healthcare setup. 
The formal healthcare setup is a three-tier system, comprising primary, secondary and tertiary 
levels of care. The main health service provider in Malawi is the Ministry of Health (MoH), 
which owns approximately 63% of all health facilities. This is followed by The Christian 
Health Association of Malawi (CHAM), which owns about 26% of all health facilities. The 
remaining 11% is owned by private entities, local government, the military and police, and 
statutory corporations and companies (AHWO, 2009). 
Health indicators for the country are mixed, but the healthcare system is generally said to be 
overburdened. The healthcare system faces a critical shortage of human resources for health 
(Carlson et al., 2008; Republic of Malawi and Health Metrics Network, 2009). In 2009 it was 
reported that national doctor/population and nurse/population ratios stood at 1:53,176 and 
1:2,964, respectively. This was way below WHO’s recommendations for developing countries 
of 1 doctor per 5,000 population and 1 nurse per 1,000 population (Republic of Malawi and 
Health Metrics Network, 2009). Malawi’s epidemiological profile is characterized by a high 
prevalence of communicable diseases, such as Malaria, Tuberculosis and HIV/AIDS. There is 
also a growing burden of non-communicable diseases such as cancers, hypertension, diabetes, 
and cardiovascular diseases (ibid).  
Despite existing challenges, considerable gains have been registered in some areas. For 
example, childhood mortality levels are decreasing, with infant mortality reported at 66 deaths 
per 1,000 live births for the five-year period before the 2010-2011 Malawi Demographic 
Health Survey (MDHS) (NSO and ICF Macro, 2011). Infant mortality was at 81 deaths per 
1000 live births, in the five-to-nine-year period before the survey. The number of people 
going for HIV testing has also increased rapidly. The 2010-2011 MDHS reported that 72 
percent of women and 51 percent of men had ever been tested and received their test results.  
3.4 Overview of Developments in Health Management Information Systems  
The health management information system (HMIS) in Malawi has had ongoing 
strengthening efforts in the period 1999 to 2014, courtesy of various donor-funded projects. 
Some key outcomes of interventions undertaken during this period include: (i) comprehensive 
review of the HMIS, starting from 1999, with support from the Dutch government; (ii) 
commissioning of a desktop-based HMIS software solution (DHIS 1.3), in 2002; (iii) 
development of HIS implementation capacity, under the Building Europe Africa collaborative 
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Network for applying Information Society Technologies in Health care Sector (BEANISH). 
In addition, the World Bank supported data review and management meetings, between 2006 
and 2008. In 2009, efforts were commissioned to upgrade the national HMIS software 
solution from the desktop-based DHIS 1.3, to a web-based server solution (DHIS2). Figure 3-
3 and table 3-2 present a timeline of project-based HMIS efforts and some key outcomes, 
covering the above-mentioned period. Comprehensive discussion of the same follows next. 
 
 
Figure 3-3: A timeline of project-based HMIS strengthening efforts – 1999 to 2014 
Table 3-2: HMIS efforts and some key outcomes -1999 to 2014 
Period Key Partners Focus/outcomes 
1999 – 2002 The Dutch Government HMIS building blocks: indicators; HMIS 
software solution; trainings 
2002 – 2003 Multiple donors Continuation of the efforts above 
2004 - Multiple donors –  Sector wide approach (SWAp) to health 
sector reform - pooling together donor 
support 
2005 – 2008 BEANISH HIS implementation capacity development 
2006 – 2008 World Bank Malaria project Data review meetings 
2009 – 2012 HISP Oslo 
UNICEF 
HMIS software solution upgrade 
National DHIS2 trainings 
2012 – 2014 Multiple donors Continuation of efforts from the period 
2009 -2011 
Figure 3-3 and table 3-2 depict both sequencing and overlaps between donor-funded HMIS 
strengthening efforts. The sequencing of, and overlaps in, interventions present funding and 
technical support opportunities, as well as coordination and continuity challenges. Next, I 
discuss HMIS infrastructure efforts outlined above in more detail. 
3.4.1 Empirical Cases in detail: HMIS Infrastructure Efforts between 1999 and 2009 
Data required to guide health service planning and management in Malawi is collected as part 
of routine health service delivery and through non-routine exercises, such as censuses. Staff 
providing care at community level, mostly Health Surveillance Assistants, report to health 
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facilities they are attached to. Health facilities, in turn, report to district health offices. In turn, 
district health offices report to the Ministry of Health headquarters. Reporting frequencies 
range from weekly to monthly, depending on health programme needs. At national level, the 
Ministry of Health’s Central Monitoring and Evaluation Division (CMED) has oversight over 
the national HMIS and is responsible for producing quarterly and yearly comparative reports, 
for use by managers and other relevant stakeholders, at different levels of administration. 
Much as the description of data flows, thus far, paints a well streamlined structure, the 
situation on the ground is much more complex. There is a multiplicity of parallel reporting 
solutions, especially along vertical health programme lines (Kanjo et al., 2009). The HMIS 
landscape was even messier before 1999, during which the country kick-started the first 
comprehensive efforts to strengthen the national HMIS (Chaulagai et al., 2005).  
In September 1999, Malawi began a process of strengthening its HMIS after realising: (i) a 
lack of reliable data, coupled with poor appreciation and use of available information in health 
services planning and management; (ii) absence of indicators to guide data analysis; (iii) 
fragmentation of information systems along vertical health programme lines; (iv) poor access 
to centralised data, for geographically distributed stakeholders (Chaulagai et al., 2005). A 
comprehensive review of the national HMIS setup was, then, undertaken, between 1999 and 
2002, with funding from the Dutch and the Malawi governments: 
“Between 1999-2002- this was the period we had a Dutch supported project, the good 
thing about this project [is that] it wasn’t a project on its own. It was implemented 
within [the] government set up. Not all project staffs were paid by the Dutch, but were 
using existing structures through government. It was one way of building 
sustainability” (manager at CMED) 
The efforts were mainly focused on putting in place necessary building blocks for the national 
HMIS. The efforts led to the development of an indicator handbook, data collection tools, 
training manuals for health workers and managers, and a national health information systems 
policy and implementation strategy. Furthermore, a digital HMIS solution, DHIS 1.3 was 
implemented in January 2002, to aid routine health data storage, analysis, and presentation at 
district and nation level. For the first time in Malawi, the health sector had information by 
facility by month (Chaulagai et al., 2005). The Dutch funded project phased out in 2003. 
Between 2002 and 2003 efforts were undertaken to secure support from other donors. At least 
nine other donor groups supported this wave of HMIS strengthening, including: “the UK 
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Department for International Development (DFID), United Nations Population Fund 
(UNFPA), United Nations Children’s Fund (UNICEF), US Agency for International 
Development (USAID), Norwegian Agency for Development Cooperation (NORAD), Japan 
International Cooperation Agency (JICA), European Union (EU), World Bank, Canadian 
International Development Agency (CIDA), World Health Organization (WHO) “ (Chaulagai 
et al., 2005: pp. 377). Within the same period, 2002 to 2003, the Malawi government, with 
support from various donors, was also designing a sector wide approach (SWAp) to 
strengthening health service delivery and monitoring in Malawi. The idea behind SWAp was 
to harmonize donor support by channelling funds through a common basket. SWAp was 
rolled out in 2004 and had resources allocated for HMIS strengthening. Nonetheless, allocated 
resources for HMIS support were deemed inadequate, which resulted in the government 
approaching the World Bank for additional resources targeted at HMIS strengthening: 
“In 2006 there was a World Bank project, called Malaria Booster project. HIMS 
needed additional resources to strengthen it, so there was an additional resource 
worthy $5 million” (manager at CMED) 
Under the World Bank supplementary Malaria Booster project the Ministry of Health 
introduced quarterly management meetings and annual performance review meetings at all 
levels of administration, from health facilities up to the Ministry of Health headquarters. 
However, due to time and administrative constraints the ministry was unable to utilize all the 
allocated $5 million, by the time this project phased out in 2008. After the project phased out 
it became difficult to adequately fund the review meetings: “activities at zone level and 
district level are there, but when it comes to funding, it is not enough” (manager at CMED). 
Between 2005 and 2008 the Ministry of Health’s HMIS efforts also received support from a 
multi-national Building Europe Africa collaborative Network for applying ICT in Health care 
Sector (BEANISH) project. In Malawi, BEANISH was a partnership between the Health 
Information Systems Programme (HISP), based at the University of Oslo, and the College of 
Medicine, a constituent college of the University of Malawi. BEANISH contributed to the 
development of IT expertise that would prove vital for the next wave of HMIS strengthening 
in Malawi that commenced in 2009, which I discuss in the next subsection.  
Over the years various donors have come to the aid of the Ministry of Health, by funding data 
reviews and other operations in districts where they operate. Even so, available support has 
often been inadequate to sustain gains registered as part of the efforts that started in 1999 ( see: 
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Kanjo et al., 2009; Galimoto, 2007). For example, despite active efforts to foster collaboration 
amongst stakeholders, parallel vertical programme-specific information systems still persist 
(Kanjo et al., 2009; Galimoto, 2007). In addition, until the end of 2012, the Ministry of Health 
lacked IT expertise to manage implemented HMIS solutions. Existing health information 
systems policy documents and guidelines had also become dated and therefore inadequate to 
guide ongoing HMIS strengthening efforts, including utilisation of emerging technologies, in 
areas such mHealth. Health facilities also hardly received feedback from district health offices, 
on submitted reports. In addition, the use of DHIS 1.3, a desktop system, as the national 
HMIS software solution, had over the years made decentralisation of data access challenging. 
A new wave of HMIS strengthening efforts commenced in 2009. 
3.5 A Shift from DHIS 1.3 to DHIS2: Period 2009 to 2014 
In 2009, the Ministry of Health, through the Central Monitoring and Evaluation Division 
(CMED) and with funding from HISP Oslo, began efforts to upgrade the national HMIS 
software solution. This wave of HMIS efforts was intent on aligning the national HMIS setup 
to objectives of the efforts that began in 1999. Key processes included: (i) replacing DHIS 1.3, 
with DHIS2, an Internet server-based solution; (ii) pursuing integration of parallel health 
information systems, with DHIS2 as the overarching national health data warehouse; (iii) 
decentralizing access to routine health data across administrative levels; and (iv) building IT 
capacity to enhance end-user support and maintenance of existing solutions. 
At this time, CMED did not have necessary IT capacity to support the shift from DHIS 1.3 to 
DHIS2. Consequently, a team of three IT experts (henceforth referred to as DHIS2 
coordinators) was constituted, to provide required technical support. The team’s leader had 
previously been part of the afore-mentioned BEANISH project. Between 2009 and the end of 
2012 the DHIS2 coordinators were mainly resident in Blantyre, a city at least 300km from 
Lilongwe, Malawi’s capital, where CMED was located. They operated from the Malawi 
College of Medicine, where the national DHIS2 server was also hosted. Principal 
responsibilities of the DHIS2 coordinators included setup and management of national DHIS2 
server instances; facilitation of discussions amongst stakeholders, such as vertical health 
programme managers, regarding report forms to be included in DHIS2. The DHIS2 
coordinators were also responsible for the facilitation of DHIS2 trainings across all districts in 
Malawi; upgrading local area networks at district health offices; and end-user support.  
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Between 2009 and mid-2012, progress on the efforts to migrate from DHIS 1.3 to DHIS2 
remained slow, mainly due to financial and logistical difficulties. At first, there was a plan to 
run six DHIS2 pilots across six districts, but only two were ever run, in 2010. The pilot 
strategy was to have local DHIS2 servers at district level that would synchronise with the 
online national server. I followed one DHIS2 pilot in Lilongwe district, which collapsed after 
no more than six months. When the local DHIS2 server installation crashed, technical support 
was not immediately available to rectify the problem. It proved difficult to facilitate travel for 
the DHIS2 coordinators, who were based in a city 300km away, due to prevailing fuel 
shortages across the country. This was after the country had fallen out with key donors and 
donor aid had been withdrawn.  
3.6 A New Lease of Life for the National DHIS 2 Scale-up Efforts (2012 -2013) 
Between 2009 and the first half of 2012 CMED was involved in negotiations with various 
donors, for possible financing of the migration to DHIS2. The negotiations resulted in 
financial commitments from donors, including: UNICEF, UNFPA, and USAID. A challenge 
that emerged from this process was that donors were only committed to supporting operations 
in districts where they had on-going operations. A direct consequence of this was that certain 
districts had the support of multiple donors when others had no support at all. In 2012, HISP 
Oslo indicated that it had funds available to support districts which were yet to secure funding. 
However, this funding was only available between July and December 2012, in line with 
financial requirements from their funders. This meant implementation activities funded by 
HISP Oslo had to progress quickly, in line with the duration of the available funding. 
 
Midway through 2012 funding and logistical arrangements for the migration were in place. 
Following this, trainings for assistant statisticians, responsible for HMIS at district level, were 
arranged. Upon completing their training, the assistant statisticians were to act as DHIS2 
trainers at district level, with support from the DHIS2 coordinators. Training for this group 
was conducted at the beginning of August 2012. This was, then, followed by a series of 
trainings at district level, which run until January 2013. Trainings at district level mainly 
targeted programme coordinators. From January 2013, CMED prioritized strengthening of 
local area networks and Internet connectivity at district level, to enhance utilisation of the 
online national DHIS2 server solution. Mobile Internet modems were purchased to provide 
district health offices with reliable Internet connectivity. Efforts were also on-going to migrate 
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data from parallel programme-centred legacy systems to the national DHIS2 solution.  The 
DHIS2 coordinators were an invaluable part of these efforts.  
3.7 Employment Arrangements for DHIS2 coordinators 
Between 2009 and the end of 2012, salaries and operations of the DHIS2 coordinators were 
funded with support from HISP Oslo. The level of funding depended on HISP Oslo’s ability 
to source necessary funding, which resulted in dry spells during which there was no funding 
to cover salaries for DHIS2 coordinators. 
Between January and May 2013 funding to cover salaries for DHIS2 coordinators was 
intermittent, which significantly affected their availability to provide necessary technical 
support. This was a critical stabilization period for national DHIS2 implementation efforts, as 
indicated in the previous sub-section. Between May and December 2013 salaries for two 
DHIS2 coordinators were provided with support from the International Training and 
Education Center for Health (I-TECH). From January 2014 funding was made available under 
a cooperate agreement between the Ministry of Health and the Centers for Disease Control 
and Prevention (CDC), to engage the two coordinators until June of the same year. However, 
by this time one of them had left. CMED, therefore, sought to use the available funding to 
engage the remaining DHIS2 coordinator until the end of 2014.  
The principal reason behind engaging staff on contract was a lack of established positions for 
IT experts within CMED. Although CMED was actively working towards establishing the 
positions there were concerns on whether DHIS coordinators could be maintained under the 
civil service pay structure: “when we create the positions we might not sustain them, because 
what they are getting now is equal to the salary of a Principal Secretary” (manager, 2014). 
Principal Secretaries are the highest ranking tenured government officers at ministry level. 
In sum, the above-presented HMIS infrastructure development efforts, especially DHIS2 
efforts and dependence on donor-funded projects, formed a basis upon which DHIS Mobile 
(DHISm) pilots were built. Developments around DHIS2 were particularly significant as 
DHISm was an extension of DHIS2 HMIS efforts. 
3.8 DHIS Mobile Pilots in Lilongwe, Malawi 
Between August 2011 and 2014, I was involved in the design, implementation, and 
management of DHIS Mobile (DHISm) pilots and scale-up. For the period 2011 and February 
2014 the pilots covered 17 health facilities, across two health areas (Kabudula and Area 25), 
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under Lilongwe District Health Office. Kabudula had nine subordinate health facilities, all of 
which were rural based. On the other hand, Area 25 had a total of eight health facilities taking 
part in the pilots. Unlike Kabudula, Area 25 had a rural-urban blend in the distribution of 
health facilities. As stated in chapter 1, a key goal for the pilots was extending the reach of the 
digital HMIS, i.e. DHIS2, beyond the district level, through leveraging mobile technology 
solutions (see figure 3-4). It was envisaged that the use of mobile technology solutions would 
contribute towards alleviating challenges related to the transportation of paper forms. Two 
DHISm solutions, one Internet-browser-based and the other based on J2ME clients, installed 
on end-users phones were piloted, with one solution for each health area.  The DHISm 
solutions were extended to an additional 29 public health facilities, within Lilongwe, between 
March and April 2014, thereby covering all public health facilities in the district.  
 
Figure 3-4: DHIS2 and DHISm setup 
Design, implementation and running of DHISm pilots in Malawi involved different 
geographically distributed stakeholders, across organizational and national boundaries (see 
figure 3-5). The DHISm pilots were part of a larger action research mHealth project, 
MobiHealth, based at the University of Oslo, in Norway. MobiHealth provided the bulk of 
funding for DHISm pilots in Malawi, and also coordinated DHISm software development. 
DHISm software development was done by developers based in Norway and Vietnam. The 
DHISm implementation team in Malawi (henceforth referred to as DHISm implementers) 
comprised me and five other researchers. Of the five researchers, two were master students 
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from the University of Malawi, two were PhD students from the University of Oslo, and one 
was a PhD student from the Norwegian University of Science and Technology, but based at 
the University of Oslo. Key partners in Malawi included the Ministry of Health’s Central 
Monitoring and Evaluation Division (CMED), Lilongwe District Health Office, the DHIS2 
coordinators, participating health areas, together with subordinate health facilities, and a 
mobile service operator. Figure 3-5 depicts the spread key stakeholders to the DHISm pilots. 
 
Figure 3-5: Geographical distribution of stakeholders in DHISm pilots  
The main target user group for DHISm were statistical clerks, a cadre responsible for data 
management at health facility level. Where statistical clerks were not available, other 
members of staff serving a similar function, in most cases clinicians and health surveillance 
assistants, were given phones. The DHISm pilots started with supporting two report forms: 
HMIS-15 and Integrated Disease Surveillance and Response (IDSR) monthly report. HMIS-
15 is a summary report covering health service delivery across different health programmes. 
The IDSR report covers data on epidemic prone diseases and diseases targeted for eradication. 
Support for IDSR was however discontinued within the first few months of piloting, due to a 
persistent software bug in DHISm that affected rendering of the form on mobile phones. The 
IDSR programme had also maintained a parallel reporting software solution. Support for 
IDSR was resumed between March and April 2014 after DHIS2 became the channel for IDRS 
data reporting. During the same period, DHISm coverage was also extended. A more detailed 
discussion on planning, roll-out, and changes to the DHISm pilots follows in the next chapter. 
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Chapter 4: Research Methodology 
 
At an epistemological level, this study builds of the interpretive perspective, which regards 
knowledge as constructed, subjective, and contested (Walsham, 2006). Findings discussed 
herein are thus influenced by views of study participants; my experiences in interacting with 
various stakeholders, involved with HIS in Malawi and elsewhere; participation in various 
forums constituted to coordinate HIS infrastructure efforts in Malawi. 
This study adopted a pluralist action research methodology (Chiasson et al., 2009), employing 
action research as the dominant strategy, supported by case study research (Walsham, 1995) 
and grounded theory (Glaser and Strauss, 1967; Glaser, 1978). Mingers (2001) advances five 
types of multi-method research design: sequential where approaches are employed in 
sequence, with results from one feeding into the other; parallel where approaches are carried 
out in parallel, with results feeding into each other; dominant where one research strategy is 
employed as the main approach, but is supplemented by others; multi-methodology which is a 
custom combination of approaches embodying different paradigms; multilevel where research 
is conducted simultaneously at different levels of an organization, using different approaches. 
Figure 4-1 depicts the pluralist action research design as employed in this study.  
 
Figure 4-1: A dominant approach to pluralist action research – adapted from 
Chiasson et al. (2009) 
Literature suggests that pluralist practices of mixing types, activities, and methods might be 
necessary, for the researcher to gain richer and more reliable results (Mingers, 2001; 
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Mathiassen, 2002; Chiasson et al., 2009). Research is not a discrete event, but rather a process 
with different phases and goals (design, intervention, and understanding) (Mathiassen, 2002; 
Vidgen and Braa, 1997), meaning different approaches may be more suited to parts of such 
(Mingers, 2001; Iversen et al., 2004; Mathiassen, 2002). For example, although reflection is a 
core tenet of action research, it is often unclear how the reflective process should be 
approached, and how theories are cyclically developed during the course of action research 
(Baskerville and Pries-Heje, 1999). Consequently, the practice of action research remains 
somewhat enigmatic, as there are relatively few exemplars available, and little direct guidance 
on how-to-do action research (McKay and Marshall, 2001).  
In this study, the action research approach was adopted as studying application of mobile 
technology, to extend the reach of the national digital HMIS solution in Malawi, would not 
have been possible without the implementation of desired mobile technology solutions. At the 
time, the country had no mobile technology solutions in place, for routine health data 
reporting, within the national HMIS setup. Related to this, in adopting an action research 
approach, I was going to contribute towards addressing aforementioned logistical challenges 
that beset paper-based routine health data reporting. Adopting an action research approach 
was, therefore in line with my study objectives due to its dual imperative for research and 
real-world problem-solving (see: McKay and Marshall, 2001). In combining problem-solving 
and research, the approach enhances the practical relevance of information systems research 
within society, and provides a relevant platform for careful study of interventions, to 
contribute to knowledge (Davison et al., 2004; Baskerville and Myers, 2004). Such an 
involved approach to research also allows in-depth access to people, issues, and data 
(Walsham, 2006). In addition, the action research approach afforded me flexibility to explore 
emergent issues and opportunities in my research. Infrastructure innovation is subject to both 
planned action and emergent issues, which requires a methodological choice that 
accommodates exploration of emerging phenomena.  
Although in the strictest sense the researcher is an observer in case study research, but an 
active participant in action research (De Vreede, 1995), extant literature suggests that the two 
approaches can be successfully combined (Chiasson et al., 2009; Mingers, 2001; Mathiassen, 
2002). Since action research combines pure research (observing) with action (participation) 
(McKay and Marshall, 2001; Cavaye, 1996), it possible to apply case research as part of the 
evaluation/reflection, and specification of learning components within and action research 
cycle. Case research can be applied at various stages of knowledge construction, using various 
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methods (Cavaye, 1996). Action and case study research also share fundamental aspects, such 
as use of the case method: (i) studying a phenomena in its natural context; (ii) considering 
qualitative evidence as valid; (iii) studying phenomena at one or multiple sites; (iv) focusing 
on the questions “how?” and “why?”, although action research has an additional focus on 
“how to?” (Cavaye, 1996; Davison, 1998). In addition, both action and case research 
approaches are pluralist approaches that afford mixed research designs (Cavaye, 1996; 
Iversen et al., 2004; Mathiassen, 2002; Vidgen and Braa, 1997). Iversen and Mathiassen 
(2003) and Iversen et al. (2004) serve as examples of the application action and case study 
research within a dominant action research program. 
Case study research and grounded theory were applied to foreground parts of the phenomena 
under study, in trying to examine and explain research questions that arose from the use of 
action research. For example, case study research was applied to aid reflection regarding the 
interplay between introduced mobile technology solutions, existing artefacts (paper, desktop 
computer solutions, etc.) and work practices, in a multi-stage undertaking such as data 
reporting  (see: Manda and Herstad, 2015). Case studies afford investigation and description 
of relationships that exist in reality, thereby providing a platform for explaining phenomena 
and theory construction (Cavaye, 1996; Davison, 1998). Applied in this way, case study 
research was used to generate understanding of practice, thereby providing a platform upon 
which to base further action. At the end of my studies, case study research was also applied to 
take a summative look at the whole research processes focusing on continuing adjustment of 
technology and related organizational arrangements. Extant literature provides precedence in 
case studies of action research projects (Chiasson et al., 2009; Iversen and Mathiassen, 2003). 
The grounded theory approach was mainly employed to systematically characterise day-to-
day breakdowns within the mobile phone solution pilots under study; practical actions taken 
to resolve the breakdowns; and what breakdowns and required practical work revealed about 
the potential for long-term sustainability (Matavire and Manda, 2014). Grounded theory 
defines units of analysis, and ways of coding data, which may provide action research studies 
with a rigorous theory development technique (Baskerville and Pries-Heje, 1999). In addition, 
grounded theory units of analysis and coding afford integration with action research, across its 
process stages, in permitting alternation between data collection, analysis, theory building, 
and comparison with reality (ibid). In my case, application of grounded theory and case 
research helped with reflection, knowledge construction, and dissemination of knowledge 
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through foregrounding parts of the many activities and phenomena of possible interest, within 
the larger action research setup.  
However, it should be noted that beyond the rationale presented above, the mixing of research 
approaches was in part pragmatic and opportunistic. Being involved in a project with three 
other PhD students, two of whom are co-authors for papers 2 (Matavire and Manda, 2014), 3 
(Manda and Sanner, 2014), and 4 (Sanner et al., 2014), required a pragmatic balance between 
research goals and approaches, preferred by each individual. For example, during data 
collection and development of paper 2 (Matavire and Manda, 2014), our approach was more 
biased towards grounded theory as that was core to the first author’s research approach. 
Nonetheless, the approach added to my repertoire of research skills. The disciplined approach 
to research also benefited later parts of my research (data collection, analysis). The case study 
research was, in part, a pragmatic choice for reflecting on and disseminating findings where 
the action research cycle was not going to be discussed in its entirety. Colleagues and 
reviewers often expressed reservations at labelling the methodology of a paper as action 
research, where the structuring of a paper did not explicitly discuss all stages of the action 
research cycle. Aside from such critique, it would have been counterproductive to bring on 
board the whole baggage of action research, where it was not going to inform the discussion 
of findings. Next, I discuss the DHISm action research component in detail. 
4.1 Action Research Component in Detail 
The action research process was shaped by interests to study implementation of DHISm in a 
context with existing HMIS socio-technical solutions, ongoing DHIS2 implementation, and 
complexities arising from the participation of multiple stakeholders (target users, managers, 
solution providers, donors, etc.). The research design was also influenced by an interest to 
study implications of technology and implementation design choices and potential for 
managing unintended outcomes, learning by doing, and scaling, i.e. extending the number of 
participating health facilities and reporting forms covered. Our team was also interested in 
studying possibilities and challenges for enhancing feedback on reported data, between health 
facilities and the district health office, and building implementation and maintenance related 
IT capacity across administrative levels. 
4.1.1 Diagnosis, Action Planning and First Cycle of Action 
Preparations for DHISm started in August 2011, but picked in September of the same year 
and extended until February and March 2012 when DHISm pilots were rolled out, in 
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Kabudula and Area 25 health areas, respectively. Between August and the end of October 
2011, I was in Oslo, Norway, where detailed discussions on pilot design were held with 
colleagues from the MobiHealth project, at the University of Oslo, of which the DHISm pilots 
in Malawi were part. A comprehensive project level meeting was held in October 2011, 
covering issues such as: what phones to use for the pilots, where to buy the phones, what 
phenomena to focus on during the pilots, and design of data collection tools. Parallel to 
activities in Oslo, two master students, from the University of Malawi, who were part of the 
DHISm implementation team, were consulting with the Ministry of Health’s Central 
Monitoring and Evaluation Division (CMED) and Lilongwe District Health Office (DHO). 
The idea was to engage CMED and Lilongwe DHO early on in the pilot efforts. The students 
were also tasked with profiling target health facilities to help our team understand: the state of 
existing infrastructure; data collection and persistence at health facility level; paper-based data 
reporting practices; and how Lilongwe DHO provided feedback to health facilities.  
Consultations with CMED and Lilongwe DHO, as well as colleagues in Oslo continued 
between November and December 2011, when I was back in Malawi. During this period, 
focus was placed on finalizing the scope of the pilots, i.e. which health areas to cover first, 
and what report forms to support. During the same period, a post-paid mobile-subscription 
contract, for the DHISm pilots, was negotiated with one mobile service operator. A post-paid 
arrangement was preferred to ease the burden of subscription management as our team would 
only deal with the mobile service provider, who would in turn transfer airtime to end-users. 
Our team was also interested in mobile Internet data usage summaries, for research purposes. 
This facility was only available to post-paid customers. During the same period, our DHISm 
implementation team also conducted further visits to target health facilities, to document the 
afore-mentioned issues of interest. In continuing with preparations for DHISm pilots, twenty 
Nokia C2-00 phones were purchased from India. The choice to purchase phones from India 
was cost-related. The phones cost $50 in India and $85 in Malawi. The Nokia C2-00 was 
chosen due to its fit with what we required of a phone within it price category: (i) long battery 
life; (ii) support for General Packet Radio Service (GPRS); (iii) support for two SIM cards, to 
accommodate end-users’ personal cards and those provided as part of the pilots. 
In November 2011 a decision was reached, in consultation with MobiHealth, CMED, and 
Lilongwe DHO, to pilot DHISm in the aforementioned-mentioned two health areas (Kabudula 
and Area 25), starting with two report forms. Trainings and rollout for DHISm were 
scheduled for December 2011, but only one training session was conducted, under Kabudula 
45 
 
health area, after the Nokia C2-00 phones we had purchased did not work in Malawi. A new 
set of phones, Nokia C1-01, was purchased from Malawi and Norway, between January and 
February 2012. Another round of DHISm trainings and rollout followed in February 2012 (for 
Kabudula) and March 2012 (for Area 25). During the preparatory period for DHISm pilots 
our team also revised plans on what DHIS2 server to utilise for the pilots. The initial plan was 
to utilize the national DHIS2 production server, but a demonstration DHIS2 server was used 
instead, until June 2013. Despite CMED consenting to the use of the production server, as 
early as 2011, access was yet to be granted by DHIS2 coordinators. 
4.1.2 Evaluations and Resulting Actions 
After rollout, seven DHISm review meetings were held: two in May 2012, one in August 
2012, two in January 2013, and two in December 2013. The review meeting in August 2012 
was held as part of an international MobiHealth workshop in Vietnam. All other review 
meetings were held in individual health areas, in Malawi, in collaboration with participating 
health facilities. For the review meetings in Malawi, all participating health facilities were 
invited to meetings within their health area. The only exception was one review meeting for 
Area 25 health area, held in December 2013, where only two officers at health area level were 
present. Of the two, one was a statistical clerk and the other an Assistant Environmental 
Health Officer. The Assistant Environmental Health Officer was responsible for following up 
on all participating health facilities, under the Area 25 health area. 
Review meetings provided an opportunity for end-users to tell their experiences and suggest 
changes to the pilots. The DHISm implementation team also used the review meetings as an 
avenue for providing end-users with feedback regarding data reporting and communicating 
planned changes.  At the start of each review meeting, our team would outline the agenda for 
the meeting. After that, we would have a round where each participant would give an account 
of their experiences with DHISm. Thereafter, we would have open discussions on what had 
emerged as topics of great interest.  
During review meetings held in January 2013, participants were informed of a planned 
change from the post-paid mobile subscription arrangement in use, to a pre-paid one, starting 
from February of the same year. During these meetings we provided participants in the 
DHISm pilots with new pre-paid SIM cards. The change in subscription arrangements was 
necessitated by sustained challenges we had experienced with the post-paid arrangement. 
Among other things: (i) end-user phone accounts were not getting consistently updated with 
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call credit, as per agreement with the mobile service provider. With the post-paid arrangement 
end-users could not top-up call credit by themselves; (ii) end-users were unable to resolve 
queries with the mobile service operator without our team’s involvement, as I was the account 
manager; (iii) the mobile service operator was unable to cap voice calls, after end-users had 
exhausted an allocated monthly call credit, resulting in cost overruns on our part. 
During the review meetings, we would also brainstorm on various issues of concern, such as 
who was to fund the replacement of phone batteries and what report forms had to be added to 
DHISm pilots. Such discussions led to the expansion of report forms supported under DHISm 
pilots, in June 2013. End-users had indicated that unless all available reports were supported, 
it would not be possible to do away with paper-based reporting. In the same month, DHISm 
pilots were also migrated from the demonstration server, used since inception of the pilots, to 
the national DHIS2 production server.  
Apart from review meetings, observations, end-user support, ad-hoc meetings with 
participants in the pilots or other key stakeholders such as Lilongwe DHO, CMED, DHIS2 
coordinators, and the mobile service operator we used for the pilots, acted as important points 
for reflection. For example, acknowledgement by the mobile service operator that they could 
not effectively cap voice calls under the post-paid mobile subscription arrangement, as was 
required, partly influenced the switch to a pre-paid arrangement. 
4.1.3 DHISm Scale-up to all Public Health Facilities in Lilongwe 
In the second half of 2013, our implementation team began to actively work on extending 
coverage of DHISm. Action planning for the scale-up included: brainstorming with 
MobiHealth team members in Oslo, regarding expansions of both the number of supported 
health facilities and report forms; purchase of 31 phones; and consultations with CMED and 
Lilongwe DHO, on the planned scale-up. These discussions also touched on possible transfer 
of financial responsibility for DHISm to Lilongwe DHO, starting from July 2014, to which 
the district health office agreed. Figures 4-2 and 4-3 show me and a colleague setting up a 
new set of phones for the DHISm scale-up. This was in November 2013, in Oslo, Norway. 
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Figure 4-2: Unpacking phones for 
DHISm scale-up 
 
Figure 4-3: Testing phones for DHISm 
scale-up 
 
DHISm solutions were extended to the whole of Lilongwe, between March and April 2014, 
covering an additional twenty nine health facilities. The number of supported routine data 
reports was also extended. CMED took a leading role in the scale-up process, together with a 
technical assistant, recruited under the DHISm pilots. Lilongwe DHO also took an active part 
in the DHISm scale-up, where they emphasised that health facilities were expected to use 
DHISm as a primary means for data reporting. Funding for this phase was provided by the 
MobiHealth project. The funding covered costs for the purchase of 31 Nokia Asha 206 phones 
from Norway, training, purchase of Internet dongles for health area offices, monthly call 
credit subsidies for participating health facilities, and end-user support. As of April 2014, 
DHISm had been extended to all public primary health facilities in Lilongwe district. Figure 
4-4 depicts a timeline of Key events under the DHISm pilots. 
 
Figure 4-4: a timeline of key events under the DHISm pilots  
4.2 Data Collection 
Data for the study were mainly collected between September 2011 and April 2014. During 
this period, a total of 524 days were spent in Malawi (see table 4-1). 
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Table 4-1: Days spent in Malawi 
Period Number of days 
1st January 2011 - 23rd April 2011 113 
2nd November 2011 - 21st November 2011  19 
27th November 2011 - 22nd May 2012 178 
31st May 2012 - 28th June 2012 29 
16th September 2012 – 24th January 2013  131 
1st December 2013 – 23rd January 2014 54 
Total number of days 524 
 
Fieldwork in Malawi was for the most part interleaved with stays in Oslo, Norway, and travel 
for conferences and other personal and professional engagements, to a lesser extent. Whilst 
away from Malawi, I maintained contact with the health areas participating in the DHISm 
pilots. I also maintained contact with key informants at Lilongwe DHO and CMED. Data 
were, therefore, collected when I was in and out of Malawi. 
A combination of techniques and data sources were utilised in collecting data for this study. 
Data were collected using interviews, focus group discussions, observations, SMS 
collaborations with end-users, meetings with management at district level, consultations with 
CMED, meetings with staff from the mobile service operator, and document reviews. 
Interviews and focus group discussions were audio-recorded, where informants had consented 
to this. I also maintained journals for data persistence and to record reflections on my work. 
Informants included users of DHISm and other personnel working at health facility level, 
across the first seventeen health facilities that were part of DHISm pilots, before the scale-up 
efforts; assistant statisticians (HMIS officers) at district and national level; management at 
Lilongwe DHO; management at CMED; DHIS2 coordinators. DHISm users and other 
informants at health facility level included: statistical clerks, health surveillance assistants, 
nurses, clinicians, and environmental health officers. Table 4-2 presents a summary of 
informants in the study. 
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Table 4-2: Informants in Malawi 
Informant(s) Organization (level) Key responsibilities 
Deputy Director MoH Headquarters (CMED)  Overseeing the HMIS function 
Managers at district level  Lilongwe District Health 
Office 
Overseeing operations at district level 
managers and other focal 
personnel at health area 
level 
Kabudula and Area 25 health 
areas 
overseeing operations at health area level; 
following up on health facilities in 
DHISm pilots 
Assistant statistician MoH Headquarters (CMED) HMIS at national level 
Assistant statisticians Lilongwe District Health 
Office 
HMIS at district level 
HMIS focal persons at 
health facility level  
health facilities Health service delivery 
HMIS at sub-district level 
DHIS2 Coordinators University of Malawi’s 
College of Medicine/CMED 
Coordinating national DHIS2 
implementation 
Technical Assistant 
responsible for DHISm 
pilots 
MoH Headquarters (CMED) Coordinating DHISm pilots and end-user 
support; engaging with other stakeholders 
HIS researchers University of Malawi, 
University of Oslo  
HIS research; providing technical advice 
to CMED on HIS implementation 
The informants were involved to varying degrees over the course of this study. 
4.2.1 Interviews 
A total of 35 interviews (see table 4-3) were conducted as part of the study, with some 
informants being interviewed multiple times. Interviews were predominantly conducted at 
informants’ duty stations, such as offices and health facilities. Interviews were also conducted 
on the side-lines of events such as trainings and workshops. Occasionally, I also interviewed 
people over the phone, especially when away from Malawi.  
Table 4-3: a summary of interviews 
Year 2011 2012 2013 2014 
Number of interviews 10 13 6 6 
The interviews covered a wide range of topics including: state of existing infrastructures; data 
reporting practices; feedback on reported data, between health facilities and the local district 
health office; implementation plans and progress on DHIS2 and DHISm; arrangements for 
end-user support; and end-user experiences, for both DHISm and DHIS2. Interviews 
conducted in 2011 and the first quarter of 2012 mainly fed into the planning phase for DHISm 
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pilots. Other topics of interest included: state of existing technologies, such as water supply 
systems, motorcycle ambulances, and radio message systems used to coordinate patient 
referrals. Between the second quarter of 2012 and April 2013 focus was mostly placed on 
following progress on DHIS2 and DHISm implementation efforts, from the perspective of 
DHIS2 coordinators, CMED, Lilongwe DHO, and participating health areas. Interviews were 
also used to gather end-user experiences and innovations to cope with challenges they faced. 
4.2.2 Focus Group Discussions 
A total of fourteen focus group discussions were conducted as part of this study. Three focus 
group discussions were conducted as part of three DHISm trainings, between December 2011 
and March 2012. Six focus group discussions were conducted as part of DHISm review 
meetings held in May 2012, August 2012, January 2013, and December 2013. Two focus 
group discussions were also conducted with personnel working at health facility and 
community level. The two focus group discussions were mostly focused on the organization 
of service delivery at health facility and community levels; data collection and reporting 
practices; availability of resources such as stationery; challenges faced by personnel in going 
about their work. One focus group discussion was held as part of a DHIS2 training workshop 
in Mchinji, a district to the West of Lilongwe, where DHISm pilots were running. I attended 
the DHIS2 training in Mchinji to experience DHIS2 implementation issues, such as capacity 
building, setup at district level, and paper-based data reporting practices, in a different district. 
The goal was investigate whether challenges observed in Lilongwe were evident elsewhere. In 
December 2013, I facilitated two focus group discussions focusing on implementation 
strategies and opportunities and challenges of partnerships between government and non-
governmental organizations. The focus group discussions were held as part of an international 
DHIS2 training academy held in Malawi. A range of participants from both ministries of 
health and non-governmental organizations from seven countries (Haiti, Ethiopia, Kenya, 
Malawi, Rwanda, Uganda, and Zambia) took part in the discussions. Figures 4-5 through 4-7 
show participants to some of the focus group discussions and training sessions mentioned here. 
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Figure 4-6: Meeting HSAs at Ukwe health centre 
Figure 4-7: DHIS2 workshop - Mchinji district 
health office, November 2011 
4.2.3 Observations 
Observations also formed an important part of this study, allowing me to document: work 
practices; road conditions and transportation challenges in rural areas; resource disparities 
across health facilities; technology implementation and innovation; disintegration of legacy 
technologies; and a multiplicity of non-governmental organizations carrying out interventions. 
Figures 4-8 through 4-11 depict health workers readying their bicycles, the most common 
means for transportation in rural areas; an existing radio message system once used for 
coordinating patient referrals; a pole that once supported fixed telephone lines; and a 
waterlogged unpaved road. Figures 4-12 through 4-15 capture: (i) technology innovation in 
the form of an electronic medical records (EMR) system and solar panels; (ii) technology 
breakdown and disintegration - a broken down motorcycle ambulance and water supply 
infrastructure; (iii) technology change: replacement of the broken down borehole pump. 
 
Figure 4-5: DHISm review area 25 - 2013 
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Figure 4-8: Bicycles - a common means 
for transportation in rural areas 
 
Figure 4-9: Radio message system for 
previously coordinating patient referrals  
 
Figure 4-10: Pole with cut fixed phone lines 
 
Figure 4-11: Waterlogged unpaved road -rainy 
season, March 2012 
 
Figure 4-12: A researcher and a health worker 
working on an EMR solution 
 
Figure 4-13: Broken-down motorcycle ambulance 
and solar panels for EMR systems 
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Figure 4-14: A broken down water supply system 
 
Figure 4-15: A new borehole pump to replace the 
one in figure 4-14 
The health facility captured in figures 4-12 through 4-15 is illustrative of the multiplicity of 
technologies and stakeholder groups present at health facility level. The health facility was 
taking part in two separate pilots, DHISm and another pilot on the above-depicted EMR 
system. The EMR pilot was part of a collaborative effort between the University of Oslo and 
Baobab Health Trust, a local non-governmental organization specializing in EMR systems 
development and implementation. The motorcycle ambulance was provided by a different set 
of donors. Replacement of the broken down water pump (figures 4-14 and 4-15) was the work 
of yet another non-governmental organization. An interesting development with the water 
supply system at the health facility captured above is that the non-governmental organization 
that replaced the faulty borehole pump did not consider the broken water pipe and water tank. 
There were also no clear plans regarding long-term maintenance of the new borehole pump. 
Nonetheless, the health facility was pleased to have a working borehole pump. 
4.2.4 mHealth Malawi Forum meetings and International DHIS2 workshops 
Participation in international DHIS2 workshops provided me with opportunities to take part in 
wider discourse on DHIS2 and DHISm implementation efforts. Over the course of this study, 
I participated in five international DHIS2 workshops and two release meetings.  
In addition to DHIS2 and DHISm workshops, stakeholder consultative meetings in Malawi, 
under the umbrella of mHealth Malawi forum afforded me an opportunity to observe and 
contribute to discourse aimed at shaping the mHealth landscape in Malawi. The mHealth 
Malawi forum is a grouping of different non-governmental organizations doing mHealth in 
Malawi, in partnership with CMED, which co-chairs the forum. Among other things, the 
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grouping was formed to foster collaboration between stakeholders, map the mHealth 
landscape in Malawi, and draw-up guidelines for future mHealth initiatives. Over the duration 
of this study I participated in two mHealth Malawi forum meetings. Being a member of the 
group, I also had access to minutes from meetings I was not been part of, and various other 
documents authored by the group, such as research agenda and a concept note on possible 
engagement with mobile service providers. 
4.2.5 Document Reviews 
Various documents (scientific publications, policy documents, reports, etc.) were reviewed to 
get a broader picture of contemporary and historical HMIS efforts in Malawi (see table 4-4).  
Table 4-4: Key documents reviewed 
DHIS 2 Quarterly Supervision Report – October (MoH, 2013a) 
Health Information Systems Strategic Plan 2011 – 2016 (MoH, 2013b) 
Situation Analysis of the Ministry of Health's Central monitoring and Evaluation 
Department in Malawi (Bhana, 2013)  
Minutes of from mHealth Malawi forum meetings   
Feasibility and Acceptability of DHIS2 Mobile M&E App: A Field Assessment in 
Nsanje, Malawi (Pérez and Munyenyembe, 2013) 
Health Information Systems Assessment Report: Malawi (Republic of Malawi and Health 
Metrics Network, 2009) 
Health Information System National Policy and Strategy (MoH, 2003b) 
Development of the Health Management Information System in Malawi 1999 - 2003: 
Overview of Achievements and the Way Forward (MoH, 2003a) 
Integration of Health Information Systems: Case Study from Malawi (Galimoto, 2007) 
Towards Harmonisation of Health Information Systems in Malawi: Challenges and 
Prospects (Kanjo et al., 2009) 
The Malawi National eHealth Strategy 2011 – 2016 - version 5 (MoH, 2014) 
Monthly progress reports authored by a technical assistant employed under DHISm 
Reviewed documentation covers HMIS efforts and plans for the period 1999 to 2016. 
4.3 Data Analysis 
The thesis draws upon the five papers included herein, in line with the research questions and 
objectives outlined in chapter 1. My approach to data analysis is predominantly abductive 
(Dubois and Gadde, 2002), drawing on both theory and practice. The evolution of my 
theoretical ideas has also benefited from numerous exchanges with colleagues, supervisors, 
and reviewers. 
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Data analysis for this research is based on the premise that developing digital infrastructure 
entails negotiating tensions that arise from competing concerns to design, implementation, use, 
and maintenance, which span multiple temporal scales (Pipek and Wulf, 2009; Pollock and 
Williams, 2010; Edwards et al., 2007). Although tensions manifest in different ways through 
scales of infrastructure: enacting technology, organizing work, institutionalizing (Ribes and 
Finholt, 2009), my analysis of empirical material is largely anchored as a temporal tension – 
short-term (project time) vs long-term (infrastructure time). This choice is driven by: (i) 
observation of practices on the ground; (ii) experiences from DHISm pilots, where our team 
grappled with the exigencies of technology implementation and efforts to enhance prospects 
for institutionalization and maintenance of the solutions beyond our involvement; (iii) extant 
literature on digital infrastructures, where the spread of concerns across temporal scales is 
recognized as a temporal tension (Kee and Browning, 2010; Ribes and Finholt, 2007; 
Edwards et al., 2007). 
As stated in the problem statement (see section 1.3), and presentation on HMIS interventions 
covering the period 1999 to 2014 (sections 3.4 to 3.7), interventions in Malawi are 
dependent on discretely organized donor funded projects. In part, this has negatively affected 
collaboration in the short-term and continuity of efforts beyond initiating donor funded 
projects. As mentioned earlier, persistent lack of IT capacity and continued weakening of 
HMIS strengthening initiatives over time suggest a predominance of short-term project time 
thinking and inclination towards continuous development of technological solutions, rather 
than consideration of how short-term projects can provide impetus for long-term HIS 
infrastructure efforts. During the course of this study, The Ministry of Health expressed 
concerns for continuity beyond individual projects, and sought to institutionalize 
collaboration across projects, to develop persistent digital health infrastructure. At the same 
time, some projects prioritized own short-term project-centric interests, to suit reporting 
requirements from external funders. Others were only interested in demonstrating the 
feasibility of technological solution, making it clear that they would not support long-term 
maintenance. These developments form the basis for my interest in the short-term vs long-
term temporal tension. Short-term experiences of gain and loss shape the climate within 
which infrastructures struggle to emerge (Edwards et al., 2007). 
The long now perspective (Ribes and Finholt, 2009) serves as an overarching organizing lens, 
where empirical material is analysed in line with the scales of infrastructure: enacting 
technology, organizing work, and institutionalizing. Analysis of empirical material through 
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these scales aids reflection on efforts in line with introduction of DHISm solutions and trying 
to promote their institutionalization and continuity. Beyond DHISm, the long now perspective 
acts as a sensitizing lens, in my analysis of historical HIS interventions in Malawi.   
Enacting technology is a broad term, but my interests in regard to enacting technology are 
operationalised through the following concerns that are of central interest to this study: (i) 
technology and implementation design; (i) growing demand-side adoption, to achieve growth 
momentum; (iii) negotiating control to parts of the installed base, to influence infrastructure 
development trajectories (supply-side control); (iv) related practical work in attempting to 
integrate novel solutions in an existing installed base. In doing this, focus was placed on: 
implementation work around DHISm and DHIS2; existing socio-technical setup (artefacts in 
use and data reporting practices); technology use; breakdowns and their nature; end-user and 
organizational IT capacity.  
In regard to institutionalizing, focus has been on efforts to institutionalize ongoing 
collaboration and implemented technologies, as well as concerns for long-term maintenance 
and continuity. Factors under consideration include: presence/absence and significance of 
control mechanisms for guiding stakeholder participation, and conditions that contribute to 
poor development of IT capacity for maintenance of technological solutions. Regarding the 
latter, I focused on how weak public administration and bureaucracy, coupled with the 
temporary nature of project support arrangements, impact development of IT capacity. At the 
next level, I, then, attempted to synthesise strategies on how to leverage short-term project 
arrangements and persistent, but slow and bureaucratic government structures in developing 
IT capacity (in response to research question 2). Formulation of suggested strategies has 
benefitted from the long now (Ribes and Finholt, 2009) and continuing design -infrastructure 
time thinking perspectives (Karasti et al., 2010), which prompt long-term focus. 
It is worth mentioning that the scales: enacting technology, organizing work, and 
institutionalizing are not mutually exclusive, but overlap. In this regard, the scale organizing 
work mainly plays out as a consideration of how enacting technology and attempts at 
institutionalizing technological solutions and digital infrastructure efforts progress. Issues of 
focus include: decisions and actions taken - pre-planned or emergent; structures for providing 
end-user support; mobilization and organization of independent stakeholders – centralized vs 
bottom-up strategies; organization of development and maintenance activities. 
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Together with the long now perspective (Ribes and Finholt, 2009), the following perspectives 
were drawn upon quite significantly in the analysis of empirical material: continuing design 
(Karasti et al., 2010); bootstrapping (Hanseth and Lyytinen, 2010; Hanseth and Aanestad, 
2001); grafting (Sanner et al., 2014). Bootstrapping was adopted early on in the research 
process and informed formulation and evaluation of implementation design, attempts at 
integrating DHISm into the existing HIS installed base, attempts at trying to mobilize 
demand-side adoption, and complexities of working in a context with multiple independent 
stakeholders (Manda and Sanner, 2014). Continuing design was adopted later in the study to 
strengthen the temporal considerations offered by the long now perspective, as well as 
explication of attempts at negotiating observed tensions. The grafting perspective (Sanner et 
al., 2014) grew out of this study and has been applied to sensitize discussions regarding 
negotiation of control to parts of the installed base, by multiple independent stakeholders, 
seeking to influence infrastructure development trajectories. 
In the end (responding to research question 3), I try to highlight limitations in individual 
perspectives and how we may attain better conceptual analysis, of observed phenomena, by 
combining the theoretical perspectives I draw upon. In responding to question 3, I also 
propose an extension to the long now perspective, an undertaking that is informed by both 
theory and practice. Firstly, data were analysed based on scales of infrastructure work and 
concerns for sustainability advanced by Ribes and Finholt (2009). Second, analysis of 
empirical material identified developing IT capacity as a key concern for sustainability, which 
needed to be added to the long now perspective. A more thorough treatment of this subject 
follows in the findings and discussion chapters. 
4.4 Reflections on the Research Design, Process and Challenges Faced 
Initially, the plan for DHISm pilots was to cover all primary health facilities in the 
participating district, Lilongwe, right from the start. However, implementation plans were 
revised, favouring an incremental approach, to enhance learning by doing and to minimize the 
impact of possible unintended outcomes, from the introduction of DHISm. Revision of 
implementation plans was informed by bootstrapping strategy, which advocates for a judicial 
approach to implementation (Hanseth and Lyytinen, 2010).  
After the revision of implementation plans, it was envisaged that scaling of DHISm solutions, 
to all health facilities in Lilongwe, would be completed midway through 2012, to enhance 
prospects for institutionalization. Literature suggests that scaling is critical to 
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institutionalization of novel solutions (Sanner et al., 2012; Braa et al., 2004). However, as 
aforementioned (see section 4.1.3), we were only able to scale the solutions between March 
and April 2014. Attempts at stabilizing DHISm across the first 17 health facilities took longer 
than expected. There were also challenges in securing funding for the scale-up efforts. In 
addition, slow progress in DHIS2 implementation efforts affected relevance of DHISm. Since 
DHISm was building on DHIS2 implementation efforts, it was never going to gain wider 
acceptance without DHIS2 stabilizing.  
As a consequence of delays in scaling the DHISm solutions, I was unable to reflect on the 
dynamics surrounding the scale-up process in this thesis, as was initially intended. At the time 
scaling of DHISm solutions picked, I was drawing towards the end of my study program. The 
DHISm scale-up process has given rise to new partnerships and central players beyond our 
pilot project. At the time of writing the thesis, time was also ripe to replace the initial set of 
mobile phones used in the DHISm pilots. Such developments would have added depth to 
theorizing of institutionalizing, maintenance and possible continuity of DHISm efforts beyond 
the initiating project-based arrangement. These developments will be discussed as part of 
future research. 
Bounding of the research scope was also influenced by fragmentation of health information 
solutions on the ground, along program lines. As aforementioned (see section 3.8), we 
initially supported reporting for the Integrated Disease Surveillance Programme (IDSR), but 
withdrew the support, partly because the IDSR programme had maintained a parallel software 
solution. Efforts regarding DHISm support for IDSR, are not discussed further in this thesis. 
Our team’s interest in studying possibilities and challenges for enhancing feedback on 
reported data, between health facilities and the district health office, did not progress beyond 
documentation of challenges in existing feedback structures. This was mainly due to 
prioritization of limited available human resources toward stabilizing DHISm and supporting 
DHIS2 implementation efforts. Two colleagues from Malawi are now looking into issues 
regarding feedback, one for his PhD studies, and the other as part of his MSc. Informatics 
research component. 
Beyond the aforementioned challenges, action research can be full of action that at times 
threatens to derail the research component. Malawi experienced heavy fuel shortages between 
2011 and 2012, a critical period in DHISm and DHIS2 implementation efforts. During this 
period I, together with my colleagues in DHISm pilot efforts, spent a considerable amount of 
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our time fuel hunting, just so we could make field trips. At times we spent entire days, and 
parts of some nights, hunting for fuel. It was also challenging to hold face-to-face meetings 
with key stakeholders to DHISm and DHIS2 efforts, such as DHIS2 coordinators, who were 
resident in a city 300 km away. Sometimes, face-to-face meeting were necessary to iron out 
sticky issues. Figures 4-16 and 4-17 show some fuel queues from December 2011, when we 
were making preparations to roll-out DHISm pilots. 
Figure 4-16: Fuel queues, December 2011 
 
Figure 4-17: Fuel queues, December 2011 
Despite the obvious challenges, there were positives to be found in this otherwise unpleasant 
experience. The time we spent in fuel queues provided me and my colleagues with an 
opportunity to discuss and reflect on empirical material we had gathered, as well as actions 
we had taken as part of DHISm and DHIS2 efforts. Thus, fuel queues provided an unexpected 
avenue for initial data analysis and theorizing. 
4.5 Reflections on my Involvement with DHISm and DHIS2 in Malawi 
During the study, I assumed multiple roles, which came with different opportunities, 
competing priorities and expectations from various stakeholders I interacted with. Key roles I 
assumed include: being the project lead for DHISm, action-researcher, and PhD student. 
Acting as a project lead and action-researcher opened doors for me to access key stakeholders 
and influence DHISm-related activities. For example, acting as the project lead afforded me 
participation in negotiations on pilot design, implementation, management, and evaluation. As 
the project lead, I was also responsible for: recruitment of two Malawian master students who 
were involved with DHISm; making arrangements for accommodation, visas (where 
necessary), and transportation for my colleagues based at the University of Oslo, during their 
field visits to Malawi. Other key responsibilities were: securing ethical clearance for our 
research; purchase of phones used in the pilots; and managing the post-paid mobile 
subscription account for DHISm. Responsibilities associated with managing the post-paid 
account comprised: settling bills, replacing failed SIM cards, and following up on end-user 
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queries.  Finally, I was involved in the recruitment of an IT expert (technical assistant) to 
support DHISm and DHIS2 efforts in Malawi. The recruitment was done in consultation with 
the Ministry of Health’s Central Monitoring and Evaluation Division (CMED), with funding 
from the MobiHealth. During this process, I was mainly responsible for negotiating funding 
with MobiHealth and drawing up terms of reference for engaging the IT expert.  
As an action researcher, I participated in DHISm and DHIS2 collaborative spaces (workshops, 
mHealth Malawi forum, etc.), all of which have gone a long way in informing this study, 
beyond views provided by informants. I was also involved in development of DHISm training 
materials, facilitation of DHISm trainings and review meetings, end-user support, and training 
participating health area offices on DHIS2. Together with a colleague based at the University 
of Oslo we provided basic DHIS2 training to Kabudula health area, in March 2012 (see 
figures 4-18 and 4-19). The trainings concentrated on data entry and generation of reporting 
rate summaries. During the visit to Kabudula, we also assisted the health area office with anti-
virus software and computer virus cleaning.  
At the time, we could not provide similar training to the Area 25 health area office, as their 
computer had been taken to the district health office for virus cleaning. Getting the health 
areas more involved in DHISm was considered vital, as they had jurisdiction over health 
facilities taking part in the DHISm pilots. 
In regard to the national DHIS2 implementation, my involvement was emergent and less 
formalised. Nonetheless, I was involved in providing technical advice to CMED, planning and 
review of implementation efforts, negotiating funding with HISP Oslo, drawing up terms of 
reference for DHIS2 coordinators, and supporting Lilongwe DHO. In 2012, I collaborated 
with CMED and DHIS2 coordinators in exporting legacy data from DHIS 1.3 to DHIS2. This 
 
Figure 4-18: Installing anti-virus software 
at Kabudula health area office 
 
Figure 4-19: Basic DHIS2 training at 
Kabudula 
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was done to facilitate Lilongwe DHO’s migration from DHIS 1.3 to DHIS2. Over the course 
of the DHISm pilots, I was also responsible for facilitating mobile Internet subscription for 
the assistant statistician responsible for the HMIS function at Lilongwe DHO. This support 
was ad-hoc and meant to cover occasional delays in renewal of subscription, under an 
ongoing arrangement supported by a different donor 
As aforementioned, the roles I assumed came with different competing expectations, from 
various stakeholders I interacted with. For example, being an action-researcher, student, and 
project lead meant I had to divide my time between managing day-to-day implementation 
activities (users support, addressing breakdowns, etc.) with writing research papers, attending 
research conferences, and attending courses in Oslo, Norway. Balancing coursework and 
implementation-related activities was quite challenging, especially during the first part of the 
DHISm pilots, when the pilots were mainly supported by me and fellow graduate students. 
During this phase, it was particularly challenging to provide timely end-user support, when 
our team was back in school. Delays in providing support were frustrating to users, which 
pushed our team to work hard towards engagement of the aforementioned IT expert, who was 
to support DHISm and DHIS2 implementations. 
In acting as a project lead there were expectations from the MobiHealth project that I would 
have profound influence on the DHISm pilots in Malawi. However, at times it was 
challenging to influence aspects of participants’ work, such as collaboration and timeliness in 
data reporting. Routine data reporting is an age-old institutional process with set governance 
procedures. All the same, encountered challenges were in part addressed through constant 
engagement with health facilities and aforementioned collaboration with relevant authorities, 
such health area offices, Lilongwe DHO and CMED.  
4.6 Study Limitations 
Action research requires a delicate balance between deep engagement in an ongoing 
intervention and maintaining critical distance from one’s actions, in order to evaluate one’s 
immersion, involvement, an influence on unfolding phenomena. At certain points in time, 
especially during the first year of piloting, the practicalities of trying to make implemented 
DHISm solutions work, made it challenging to maintain critical distance from the work I was 
involved in. In addition, I have conducted first person action research, which involves 
research self-reporting. Self-reporting is at risk of over-modesty and self-praise (Walsham, 
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1995). These challenges were in part mitigated through working in a collaborative research 
project. 
At times, familiarity with the context of study made certain occurrences too familiar and 
obvious to be considered relevant empirical material. For example, on the day of the first 
training session for DHISm, there was a power blackout at the health facility where we were 
supposed to conduct the training. Furthermore, mobile connectivity within the area was down, 
because the generator powering the tower/mast, for the mobile operator we had subscribed to, 
had run out of diesel. This was not too surprising an occurrence for me, until my colleagues 
who were not from Malawi expressed their surprise. It is only after my colleagues’ expression 
of surprise that I began to consider such occurrences as possible material to inform 
discussions of breakdowns affecting DHISm. Having ‘fresh sets of eyes’, from outside 
Malawi, helped in pointing out relevant events that I would have otherwise passed on. It is 
therefore possible that I have not considered other relevant, but seemingly familiar and trivial 
occurrences that could have further informed this study.  
Empirical material gathered as part of the DHISm and DHIS2 interventions in Malawi could 
also be analysed from multiple other perspectives than those presented in this thesis. This 
limitation is in part addressed through collaborative work with colleagues, which is not part of 
this thesis (see: Purkayastha et al., 2013). In addition, DHISm and DHIS2 developments 
contribute towards the work of the other graduate students (Sanner, 2015; Purkayastha, 2015) 
with whom I collaborated on parts of this research, in Malawi. Such work provides alternative 
analyses to those presented herein, and also covers empirical material that is not covered in 
my work. Sanner (2015) draws on literature on digital infrastructure, but also relates his work 
with ICT4D literature on sustainability. In addition, he draws on empirical material from 
implementations in India. Purkayastha (2015) presents a taxonomy of classification of 
activities (architecture, governance, praxis) that shape the evolution of digital infrastructure. 
He argues that dividing the complexity of activities and their effects, leads to more nuanced 
studies of how digital infrastructures evolve, through observation of which activities have 
stabilizing or destabilizing effects on the digital infrastructure in question. In addition to the 
taxonomy of digital infrastructure activities, Purkayastha (2015) also engages with discourse 
on evolutionary process of software development; evaluation criteria for mHealth solution 
implementations; Big Data. Empirically, he draws on cases from Malawi, India, Kenya, and 
North Korea, covering both patient level and routine aggregate health information systems. 
63 
 
The insights provided in this thesis could also be further strengthen through engagement with 
literature other than that on digital infrastructure. The reader will find suggestions to this end 
in section 7.1, which suggests directions for further research. 
4.7 Ethical Considerations 
This study was cleared with the national research ethics committee in Malawi. In addition, the 
Ministry of Health’s Central Monitoring and Evaluation Division (CMED), which oversees 
the national HMIS, were involved through the different phases of the DHISm pilots. Lilongwe 
district health office, as well as participating health areas and health facilities were also 
consulted at different phases of the study. Appendix 6 depicts an initial approval letter for the 
study. Where discussions with informants were audio recorded, this was done with their 
consent. Verbal consent was sought. Pictures used in this thesis were also taken with the 
consent of informants. 
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Chapter 5: Findings 
 
This chapter is divided into two main sections. The first, presents findings from individual 
papers that are part of the thesis. The second, then, presents a summary of the findings in light 
of how each paper contributes towards answering the research questions posed in this thesis. 
5.1 List of Papers and Findings from Individual Papers 
Following, is a list of the five papers that are included as part of this thesis: 
1.MANDA, T. D. & HERSTAD, J. (2015). Enacting Technology: Accounting for the 
Interplay between mHealth Solutions and Existing Paper-Based Data Reporting 
Practices. Information Technology & People. Forthcoming 
2.MATAVIRE, R. & MANDA, T. D. (2014). Interventions Breakdowns as Occasions for 
Articulating Mobile Health Information Infrastructures. Journal of Information 
Systems in Developing Countries. 63 (3). 1-17. 
 
3.MANDA, T. D. & SANNER, T. A. (2014). The Mobile Is Part of a Whole: Implementing 
and Evaluating mHealth from an Information Infrastructure Perspective. International 
Journal of User-Driven Healthcare (IJUDH). 4(1). 1-16. 
4.SANNER, T. A., MANDA, T. D. & NIELSEN, P. (2014). Grafting: Balancing Control and 
Cultivation in Information Infrastructure Innovation. Journal of the Association for 
Information Systems, 15(4).  220-243. 
5.MANDA, T. D. (2015). Leveraging Project Arrangements in Developing Health 
Information Systems Infrastructure. Under review in an international journal 
From the list of co-authored papers above, I was the first author for papers 1 (Manda and 
Herstad, 2015) and 3 (Manda and Sanner, 2014), and second author for papers 2 (Matavire 
and Manda, 2014) and 4 (Sanner et al., 2014). I participated in data collection for all the 
papers. Following, are details on how the various authors contributed towards paper writing:  
Paper 1: Enacting Technology: Accounting for the Interplay between mHealth 
Solutions and Existing Paper-Based Data Reporting Practices 
Author involvement during paper writing: 
My role: I took the leading role in framing the overall focus of the paper. I also developed an 
initial draft of the paper before co-opting the second author. After submission of the 
manuscript, I was also responsible for corresponding with journal editors.  
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Jo Herstad: Took part in subsequent rounds of data analysis for the paper. We held several 
rounds of meetings to discuss ideas in the paper and reviewers’ comments 
Paper 2: Interventions Breakdowns as Occasions for Articulating Mobile Health 
Information Infrastructures 
Author involvement during paper writing: 
This paper is a revision of an earlier paper (Matavire and Manda, 2013) submitted to the 12th 
IFIP 9.4 conference, held in Ocho Rios, Jamaica in May 2013.  
Rangarirai Matavire: Was responsible for framing the overall focus of the paper, i.e. the 
need to, and importance of, discussing breakdowns and articulation work. We had several 
rounds of discussion to tease out ideas for the paper and sharpen its focus. Rangarirai was 
also the corresponding author during the review process for the paper. 
My role: I was involved in data analysis for the paper, both alone and in collaboration with 
the first author. I also took turns with Rangarirai in writing versions of the paper. We also 
worked together in responding to reviewers’ comments. 
 
Paper 3: The Mobile Is Part of a Whole: Implementing and Evaluating mHealth from 
an Information Infrastructure Perspective 
Fieldwork: Data collection for the paper was undertaken together with the second author 
Author involvement during paper writing: 
This paper is a revision of an initial paper  (Manda and Sanner, 2012) submitted to the 35th 
IRIS seminar, held in Sigtuna, Sweden, in August 2012. 
My role: I was responsible for the overall framing of the paper’s focus, and also acted as the 
corresponding author for the paper. I also took a leading role in the writing of the paper, but 
with ongoing collaboration on data analysis with the second author. 
Terje Sanner: Terje contributed towards data analysis, starting from when we were doing 
fieldwork. He also contributed to parts of actual paper writing. 
Paper 4: Grafting: Balancing Control and Cultivation in Information Infrastructure 
Innovation 
Author involvement during paper writing: 
The paper expands on ideas presented in the precursor to paper 3 (Manda and Sanner, 2012). 
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Terje Sanner: Came up with the initial conceptual framework for the paper, i.e. the notion 
of grafting and possible application to digital infrastructure development. He was also the 
corresponding author for the paper, during the review process. 
My role: this paper built on the aforementioned paper (Manda and Sanner, 2012), where I 
was the lead author. During the development of paper 4, I took an active role in both data 
analysis and actual writing, taking turns with the first author. Data analysis was either done 
with the other authors or alone (with notes, then, shared with the others). 
Petter Nielsen: Although he did not take part in actual data collection, Petter’s experience 
proved invaluable during data analysis and the extended period over which this paper was 
developed. Petter contributed invaluably in reviewing the work done by myself and Terje, 
through questioning our assumptions and motivations.  
Next, I present a summary of key findings from the papers above. 
5.1.1 Paper 1 - Enacting Technology: Accounting for the Interplay between mHealth 
Solutions and Existing Paper-Based Data Reporting Practices. 
This paper is situated within the broader debate on theorizing technological artefacts. The 
paper discusses conditions at play in attempts to integrate novel mobile technology solutions 
(DHISm), into an existing installed base where data reporting has traditionally been paper-
based. Findings reported in the paper suggest at least five considerations that are necessary in 
the introduction of novel technologies: (i) immediate befits that new technologies will offer 
target users; (ii) how new and existing technologies will be mobilized, in the context of 
supported work practices; (iii) ways to mitigate possible undermining of existing structures of 
communication and authority, resulting from adoption of network technologies such as 
DHISm;  (iv) need for comprehensive coverage of report forms, to increase the relevance of 
implemented DHISm solutions;(v) growing demands for coordination, when attempting to 
extend coverage of mobile technology solutions across fragmented systems. 
In regard to offering users immediate benefits, the paper indicates that DHISm solutions allow 
for remote data communication, between health facilities and an overseeing district health 
office. In doing this, DHISm solutions extended digitization of routine health data from the 
district, to the health facility level. Thus, DHISm offers a way to circumvent identified 
challenges pertaining to paper-based reporting such as: (i) difficulties in transporting reports 
over poor road infrastructure; (ii) health personnel having to leave their duty stations and use 
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their own money, in order to submit reports at the district health office; (iii) an increased data 
entry burden placed on staff working at district level, tasked with digitizing data from 
subordinate facilities; (iv) late delivery and occasional loss of reports sent through third 
parties such as ambulance drivers. Further to this, DHISm provides staff with immediate 
feedback on report delivery, as they can access submitted reports. It has usually been difficult 
confirm the delivery status of reports sent through third parties.  
Beyond capabilities of DHISm, the paper argues that novelty and innovation are to be found 
in the situated intermingling of new and old technologies and practices. Thus, it is necessary 
to consider the idiosyncrasies of various stages to data reporting (compilation, transportation, 
digitization, delivery, feedback) and how available technologies (paper, mobile phones, 
desktop computers, etc.) render themselves to supporting human action, at each stage of data 
reporting, as well as a collective. For example, the predominance of paper tools in collecting 
service data, as well as the multiplicity of registers and groups of people involved in report 
compilation, means paper cannot be easily done away with. In addition, paper (A3 and A4 
size registers and report forms) seems better suited to supporting group collaboration and 
information visibility at a distance, which are critical during report compilation, compared to 
mobile phones with small screen sizes. However, beyond report compilation, transportation of 
paper-based reports becomes cumbersome, hence the relevance of implemented mobile phone 
solutions. At district level, work practices are possibly better-supported by use of computers 
and laptops, due to the vast quantities of data handled and required computing power. The 
paper uses the construct of technology enactment (Boudreau and Robey, 2005) to evaluate 
coexistence between new, mobile-based practices, and existing paper-based ones. On the 
other hand, the notion of affordances (Gibson, 1979) is drawn upon to illustrate implications 
of the idiosyncrasies of different artefacts that are implicated in data reporting. 
Regarding existing structures of communication and authority, the paper suggests that these 
might be challenged through allowing health facilities to directly submit data into a central 
server, thereby leapfrogging stakeholders who serve as gatekeepers in the paper-based system. 
Adoption of DHISm also places increased demand for better Internet connectivity than was 
previously the case, with paper-based data reporting and the use of desktop DHIS 1.3 
solutions. The paper suggests that side-lining of authorities across levels of administration, 
who play important organizational roles such as signing-off reports, checking for data quality, 
and monitoring data reporting by subordinate health facilities, would have undermined the 
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legitimacy of DHISm. In realization of this, identified gatekeepers at health area and district 
level were provided with Internet modems, so they could follow data reporting. 
As an extension of the above-stated, the paper suggests that adoption of mobile phone 
solutions calls for better communication and delivery of feedback on reported data between 
district health offices and health facilities, to compensate for reduced face-to-face meetings 
associated with paper-based reporting. If care is not taken, the use of implemented mobile 
phone solutions might conquer physical distance, but widen the communication gap between 
health facilities, health area offices and district health offices. 
Finally, the paper foregrounds the necessity of supporting all available reports at facility level, 
in order to do away with paper-based reporting. Where some other reports are not supported 
under DHISm, members of staff still have to travel to the district office or send their reports 
through third parties. At the same time, the paper suggests that supporting all available reports 
is challenging, due to fragmentation of HIS along health programmes. Although it is 
commonly the case that members of staff working at health facility level are responsible for 
multiple reports, across health programs, reports are handled through parallel health 
programme-specific software solutions, beyond the health facility level. 
5.1.2 Paper 2 - Interventions Breakdowns as Occasions for Articulating Mobile Health 
Information Infrastructures 
This paper considers the sustainability of DHISm in light of activities that occur in the pilot 
stage. Discussions in the paper mainly centre on the day-to-day breakdowns that occur during 
the pilot phase, their nature, what they reveal, and how their resolution relates to project goals. 
In going about this discussion, the paper argues that the micro-processes of domesticating 
mobile technology for a local setting are related to the broader context, implicating 
individuals, settings and resources far removed from the sites of implementation.  
The paper argues that breakdowns reveal tensions in technology design, implementation 
strategy, and organisational context, thereby offering opportunities for action to sustain an 
intervention. Opportunity is an often overlooked aspect shaping the evolution of technology, 
yet it is implicit in challenges faced. At a basic level, breakdowns might lead to workarounds 
so that services resume. At a more advanced level, they provided opportunities for pursuing 
institutional rearrangements that address immediate and long-term concerns for sustainability. 
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The paper, then, draws on the notion of articulation work (Strauss, 1988; Star and Strauss, 
1999) to discuss practical work undertaken to correct breakdowns. According to Star (1991) 
as referenced by Star and Strauss (1999), p. 10, ‘articulation work’ is work that “gets things 
back ‘on track’ in the face of the unexpected, and modifies action to accommodate 
unanticipated contingencies”. It refers to “the specifics of putting together tasks, task 
sequences, task clusters -even aligning larger units such as lines of work and subprojects- in 
the service of workflow” (Strauss, 1988, p. 164). From empirical material considered, the 
paper identifies two categories of articulation work: technological and human. These 
categories of articulation work are further analysed into different dimensions, based on the 
levels of organizational involvement required to perform them: (i) localised (to individual 
users or organizational levels); (ii) multiple levels within a single organization; (iii) and 
multiple levels across organizational boundaries.  
The paper argues that where interventions are part of a larger infrastructure setup, as DHISm 
is, networking across organizational levels and organizational boundaries might be necessary, 
in order to resolve breakdowns. For DHISm, articulation work that required collaboration 
across multiple levels included efforts to resolve: challenges with mobile phone subscription; 
replacement of failed SIM cards; and management of national DHIS2 servers which DHISm 
utilized. Findings suggest that the negotiation of breakdowns is bound to be slow where 
multiple stakeholders require mobilization. This is mainly due to increased coordination 
overheads and distribution of agency across organizational boundaries, which reduce the 
ability of particular stakeholders to influence the trajectory of required articulation work. The 
paper then observes that, in such circumstances, there might be need for preliminary work, 
such as development of work relationships, for required articulation work to take place. 
The strategic negotiation of breakdowns across stakeholder groups is a key process in 
designing mobile technologies that address both immediate implementation-related and long-
term concerns for sustainability. Although building stable work relationships across 
organizational levels takes time, it provides a basis for more sustained technical and 
organizational arrangements required to support implemented technologies. In line with this, 
the paper argues that it is through choices available and decisions made in the event of 
breakdowns that intervention projects can be institutionalized and possibly be sustained. 
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5.1.3 Paper 3 - The Mobile Is Part of a Whole: Implementing and Evaluating mHealth 
from an Information Infrastructure Perspective 
This paper reflects on real-time application of the bootstrapping strategy (Hanseth and 
Aanestad, 2001; Hanseth and Lyytinen, 2010), to guide DHISm pilots design, implementation, 
evaluation, and application of lessons learned. Application of the bootstrapping strategy in 
guiding and evaluating DHISm efforts confirms bootstrapping as an effective tool for risk 
assessment and management, through incremental technology implementation, growth, and 
mobilization of stakeholders. For example, by following the bootstrapping strategy DHISm 
pilot efforts were preceded by efforts to understand data collection and communication 
practices, as well as gain buy-in from target users and key decision-makers in the Ministry of 
Health. Resulting from this, our implementation team was able to target DHISm at supporting 
important routine health data reports. In trying to understand the local installed base, our team 
observed that not all target users had mobile devices capable of supporting DHISm, which led 
to target users being given phones that could supports DHISm. In addition, by following the 
bootstrapping strategy our team took a phased approach to implementation, which made it 
possible to cope with initial implementation challenges arising from poor mobile service 
delivery and mobile phones that did not work in the context of implementation. 
On the other hand, the paper reveals that it may not always be easy to mitigate identified risks, 
due to competing interests and power asymmetries. DHISm and the national HMIS efforts 
(DHIS2 implementation) that DHISm pilots sought to leverage were reliant on the 
participation of multiple stakeholders, across service sectors and geographical boundaries. 
The DHISm pilots were funded through the MobiHealth project based at the University of 
Oslo, in Norway, had the Ministry of Health in Malawi as a host organisation, and relied on 
mobile service delivery by a commercial provider. In addition, the Ministry of Health was 
reliant on external consultants (DHIS2 coordinators), supported under different project 
arrangements, for technical support. A majority of these stakeholders, though in control of 
key parts of the socio-technical installed base, were not intended solution adopters. 
Interdependencies that ensued from the above-presented heterogeneity of stakeholders 
resulted in competing goals, coordination overheads, and a marked fragility in DHISm pilots, 
which impacted adherence to the bootstrapping strategy. 
From empirical findings, it can be observed that adherence to the bootstrapping strategy was 
more likely when DHISm implementers had a sufficient level of influence in the execution of 
key decisions regarding DHISm. Adherence to the bootstrapping strategy was more 
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challenging where divergent stakeholder interests and participation required negotiation. For 
example, to suit demands of the MobiHealth project, our implementation team purchased 
phones outside the implementation context, without ascertaining their compatibility with the 
local installed base. Consequently, the first set of phones purchased did not work in Malawi, 
which delayed implementation work. Further to this, slow progress in DHIS2 implementation 
slowed down DHISm work and relevance. Since DHISm builds on DHIS2, it was always 
going have limited relevance without DHIS2 becoming the mainstream HMIS solution. Table 
5-1 presents a summary of factors made adherence to bootstrapping challenging.  
Table 5-1: Factors affecting adherence to the bootstrapping strategy 
Challenge Deviation from bootstrapping 
strategy 
Contributing factors 
Buying phone outside 
the implementation 
context, without 
ascertaining availability 
of support 
Building on technology that had not 
been tested locally 
 
Lack of access to the supplier when 
challenged emerged 
Better utilization of 
MobiHealth funds – 
pursuing a balance 
between local and 
cross-context needs 
Inadequate local IT 
implementation 
capacity 
Reliance on external consultants for 
support, resulting in: 
 -  increased coordination complexity 
 - reduced control over implementation  
Historically weak 
local IT 
implementation 
capacity 
Reliance on external 
financial support from 
multiple donors 
Increased complexity resulting from 
competing interests and coordination 
overheads 
Historically weak 
local financial base 
Reliance on another 
layer of implementation 
work – DHIS2  
Having a key enabling component 
outside our control 
DHISm builds on 
DHIS2 
Poor mobile service 
delivery 
Having a key enabling component 
outside our control 
 Mobile service 
delivery is an 
industry on its 
own,  
 Limited choice of 
mobile operators  
Findings in the paper point to limitations in bootstrapping strategy regarding implications of 
distributed control over key parts of the installed base, on implementers’ ability to guide 
infrastructure development trajectories. Formulation of the bootstrapping strategy (Hanseth 
and Aanestad, 2001; Hanseth and Lyytinen, 2010) assumes that implementers are sufficiently 
positioned to influence key decisions and actions affecting an implementation. 
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5.1.4 Paper 4 - Grafting: Balancing Control and Cultivation in Information 
Infrastructure Innovation 
This paper fits within the discourse on how information infrastructures are developed, 
especially in regard to the negotiation of short-term and long-term concerns to infrastructure 
development. The paper provides analysis on an often overlooked aspect to theorizing 
infrastructure, i.e. how heterogeneous elements developed at different times and in different 
places are combined and carried forwards (or not) (Monteiro et al., 2014).  The paper also 
discusses how multiple independent stakeholders pursue control, to influence and legitimize 
development trajectories of digital HIS infrastructure. The paper argues that in the face of 
distributed control, implementations are translated into nurturing activities performed by an 
increasing number of actors, with varying interests and degrees of involvement. 
The paper proposes grafting as a sensitizing lens to guide infrastructure development and 
theorizing. In the paper grafting is defined as “a process whereby organizational goal-
oriented information system innovations (e.g., mobile phone-based reporting from sub-district 
health facilities) merge with and extend existing socio-technical arrangements (e.g., HMIS in 
Malawi) so that the parts continue to grow” (Sanner et al., 2014: pp. 235).The grafting 
perspective argues that digital infrastructure innovation is not just down to the mechanics of 
network economics, as is suggested by the bootstrapping perspective (Hanseth and Lyytinen, 
2010). Rather, grafting highlights fragility and tensions inherent in attempts to integrate novel 
technologies into existing installed base, where there is need for contributions from loosely 
coordinated stakeholders, who control important parts of the of the installed based, but do not 
necessarily have to adopt proposed technological solutions. In line with this, the paper argues 
that a significant amount of domain and context-specific knowledge and much sensitive and 
well-targeted practical work is needed to facilitate the mutual adaptation of newly introduced 
technological components and local constituencies. The paper, then, argues that with such 
insights, we are better placed to answer questions such as: why do so many attempts at 
implementing relevant, even strategically crucial, information systems fail to take hold? 
The paper conceptualizes the pursuit for control as taking place at least two levels. First, at the 
highest level, the Ministry of Health faces the challenges of coordinating and facilitating 
collaboration between loosely coordinated interventions, because it lacks comprehensive 
knowledge on who is doing what and where. From the position of the ministry, this challenge 
is being negotiated through introduction of a control point (Elaluf-Calderwood et al., 2011) 
for the mobile technology-oriented interventions – the mobile health task force (mHealth-
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Malawi Forum). The forum comprises stakeholders from different government departments, 
non-governmental organisations, donors, and the University of Malawi. Second, the pursuit of 
control takes place at the level individual projects or stakeholder groups, such as DHISm 
implementation. Here, implementation teams seek to gain access to parts of the installed base 
under the control of others, and to shape digital infrastructure development trajectories to suit 
their interests. 
The paper suggests alliance building as a necessary step for implementers to access services 
and technical platforms under the control of others. The paper also points out that alliance 
building might be contentious and protracted, requiring implementation teams to adopt 
temporary arrangements that permit implementation work to proceed in the meantime. In the 
case of DHISm, the implementation team had to utilize a demonstration server, instead of the 
planned national DHIS2 production server, for at least one and a half years, due to protracted 
negotiations with the team managing the servers.  
The paper also suggests that implementation teams may fashion opportunities to get into 
positions of prominence, by supporting related ongoing initiatives. The DHISm team 
supported DHIS2 implementation activities, in order to warm up relations with key 
stakeholders and induce necessary momentum in otherwise slow-moving DHIS2 efforts. 
Another key concern with grafting is focus beyond exigencies of initial implementation 
efforts and progressing from external dependencies, such as project-based funding and IT 
support arrangements, to local nurturing of infrastructure development efforts. The empirical 
context for this study is one in which public administration is weak and non-governmental 
organizations and donors play an important role. The paper suggests drawing up of terms of 
reference for long-term engagement of IT technical assistants (TAs) in collaboration with the 
local Ministry of Health, coupled with recruitment of TAs, as a way of promoting more 
sustained local nurturing and maintenance of digital HIS infrastructure. 
In sum, the grafting perspective conceptualizes digital infrastructure innovation as involving 
pursuing and relinquishing control through: (i) alliance building; (ii) actively searching for 
and possibly fashioning opportunities to get into positions of prominence; (iii) transferring the 
embodiment of control from individuals into institutional arrangements that can survive 
individuals and specific project arrangements; (iv) transitioning between adoption of 
temporary arrangements within the short-term, to kick-start implementation efforts or address 
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breakdowns, and development of persistent arrangements that facilitate institutionalization 
and continuity of implemented technologies (Sanner et al., 2014). 
5.1.5 Paper 5 - Leveraging Project Arrangements in Developing Health Information 
Systems Infrastructure 
Beyond findings relating to aforementioned stakeholder interdependencies in DHISm and 
DHIS2 implementations, the paper presents: (i) a mapping of tensions to digital infrastructure 
development; (ii) approaches to negotiating identified tensions to aid coordination across 
project-based interventions, in order to enhance technology implementation and continuity of 
digital infrastructure efforts.  Drawing on the long now perspective (Ribes and Finholt, 2009), 
the paper take a longitudinal look at tensions emanating from design, implementation, and 
maintenance of digital HMIS infrastructure in Malawi, in the period 1999 to 2014.  
The paper identifies the following as key issues contributing to weakening of HMIS 
strengthening efforts in Malawi: (i) poor funding arrangements; (ii) lack of end-user IT 
capacity for use and maintenance of technological solutions; (iii) poor organizational IT 
support structures, within the Ministry of Health, to support technology implementation, and 
maintenance; (iii) dependence on loosely coordinated short-term donor funded projects for 
long-term infrastructure development.  
 
Key identified areas for developing end-user IT capacity and organizational IT support 
structures include: use of mobile Internet; use of computers; low level computer repairs; and 
establishment of a technical help desk and technical team, to manage technology 
implementation and maintenance. Regarding these concerns, the paper observes a tension 
concerning the extent to which end-users can draw upon own expertise in using technology 
and negotiating breakdowns, against development of organizational structures for end-user 
support (end-user action vs. end-user support). A tension is also observed regarding how to 
mobilize required technical support, in a context where support structures are often restricted 
to within project boundaries (fragmented vs. shared IT support). The paper also observes a 
tension between engaging IT experts on short-term, but agile, project-based arrangements, 
against long-term recruitment on tenure, which is subject to slow bureaucratic processes 
(project flexibility vs. bureaucratic discipline). To promote synergy between short-term 
project arrangements and sustained government-based tenured arrangements, the paper 
supports institution of centrally coordinated participative forums, to promote collaboration, 
formulation of common visions, and pooling of resources such as funding and IT capacity. 
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In considering IT capacity development and related tensions, the paper proposes an  
additional concern for long-term sustainability, to the long now framework (Ribes and Finholt, 
2009)  – developing IT capacity, together with the above-presented tensions (see table 5-2). 
Table 5-2: Rendition of the long now framework as informed by this study 
Concerns for 
sustainability 
Scales of II work 
Enacting Technology  Organising Work Institutionalisation 
Aligning End-
goals 
Inclusion Vs. Readiness Planned Vs. 
Emergent 
Project Vs. facility 
Motivating 
Contribution 
Research Vs. Production 
Systems 
Research Vs. 
Maintenance 
Individual Vs. 
Community 
Designing for Use Today’s Requirements 
Vs. Tomorrow’s Users 
Research Vs. 
Development  
Communities Vs. 
Constituencies 
Developing IT 
capacity 
End-user action vs. end-
user support 
fragmented vs. 
shared IT support  
Project flexibility vs. 
bureaucratic discipline 
The concerns - developing of IT capacity - relates to those proposed by Ribes and Fihnolt 
(2009) in multiple ways. First, without the right level of competence at both individual and 
organizational level it is challenging to take advantage of otherwise useful technological 
offerings and maintain them over time. Second, developing necessary IT capacity, across 
project-specific arrangements, requires mobilizing contribution, and aligning end-goals, 
across stakeholder groups.  
From the tensions presented in table 5-2, the paper identifies the tension arising from trying to 
build infrastructure based on project-centric arrangements and pursuing sustained institutional 
structures, to ensure continuity beyond individual projects (Project Vs. facility), as the most 
dominant. All HMIS strengthening initiatives that form the basis for this study, covering the 
period 1999-2014 (DHIS1.3, DHIS2, DHISm, etc.) have been considerably reliant on project-
based funding and technical support arrangements. Consequently, all the other tensions 
observed play out within the project vs. facility tension. In regard to approaches for 
negotiating identified tensions, the paper adopts a position that: (i) tensions, though 
potentially problematic, should be considered as possible points for innovation: This is 
achieved through application of the notion of continued design, which is a juxtaposition of the 
temporal tension ‘project time’ vs. infrastructure time’ (Karasti et al., 2010). Continuing 
design (ibid) highlights temporal tensions and practices implicated in trying to address short-
term exigencies to implementation, whilst trying to provide impetus towards long-term 
concerns for technology maintenance and evolution, within funded project time.  
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5.2 Summary of Findings 
The summary of findings presented here is guided by reflections on how the various papers 
contribute towards answering the overall research question and its sub-questions: 
How can we negotiate concerns and tensions to design, implementation and maintenance of 
digital health infrastructure, in the face of changing project-based support arrangements? 
Key short-term concerns include attending to conflicting needs and priorities of different 
stakeholders and addressing immediate implementation-related challenges: integrating 
introduced solutions into existing socio-technical setup (artefacts, data reporting practices, 
etc.); addressing breakdowns; developing technology use-related IT capacity; providing day-
to-day user support. Long-term concerns mainly relate to building persistent organizational 
arrangements that can promote maintenance and continuity of implemented DHISm and 
DHIS2 solutions through: persistent IT support structures, temporal coordination of multiple 
independent project-based arrangements. These issues are reflected through the questions: 
1. What are conditions for integrating novel solutions into an existing socio-technical 
installed base? 
2. What strategies can improve implementation and maintenance capacity in the context 
of changing project-based support arrangements?  
3. How can we conceptually account for tensions to design, development, and 
maintenance of digital infrastructure? 
Tables 5-3 and 5-4 summarise how each paper contributes towards answering the research 
questions. Table 5-3 presents a mapping of what question each paper responds to, whereas 
table 5-4 details how each paper contributes towards answering the research questions. 
Table 5-3: Mapping of papers to research questions 
Paper Title RQ1 RQ2 RQ3 
Enacting Technology: Accounting for the Interplay between mHealth Solutions 
and Existing Paper-Based Data Reporting Practices 
X  X 
Interventions Breakdowns as Occasions for Articulating Mobile Health 
Information Infrastructures 
X  X 
The Mobile Is Part of a Whole: Implementing and Evaluating mHealth from an 
Information Infrastructure Perspective 
X  X 
Grafting: Balancing Control and Cultivation in Information Infrastructure 
Innovation 
X X X 
Leveraging Project Arrangements in Developing Health Information Systems 
Infrastructure 
X X X 
 
77 
 
Table 5-4: Summary of how papers contribute towards answering research questions  
Paper Title Contribution to thesis research questions 
Enacting 
Technology: 
Accounting for the 
Interplay between 
mHealth Solutions 
and Existing 
Paper-Based Data 
Reporting Practices 
Question 1: The paper looks at how technology implementation should 
consider idiosyncrasies of a technology being introduced, existing work 
practices and artefacts, and how these components are mobilized in trying to 
create new socio-technical hybrids 
Interventions 
Breakdowns as 
Occasions for 
Articulating 
Mobile Health 
Information 
Infrastructures 
 
Question 1: The paper discusses implementation-related issues within the 
short-term (nature of breakdowns and articulation work), as well as what they 
reveal about long-term sustainability.   
 
The paper argues that constant adaptation of human and technical resources is 
necessary for the continued use of introduced technology 
 
 Question 3: the paper provides conceptual analysis of articulation work that is 
required to negotiate different kinds of breakdowns 
 
The Mobile Is Part 
of a Whole: 
Implementing and 
Evaluating 
mHealth from an 
Information 
Infrastructure 
Perspective 
 
Question 1: The paper discusses how introduced mobile technology solutions 
relate to practices and demands around data reporting.  
 
The paper highlights tensions inherent in multi-stakeholders undertakings – 
their enabling nature and contribution towards heightened potential for failure. 
 
Question 3: The paper discusses bootstrapping, an incremental implementation 
strategy to addressing immediate implementation related concerns. It also 
indicates possible limitation to application of such a design-based the strategy, 
which overlooks power asymmetries among stakeholders 
 
Grafting: 
Balancing Control 
and Cultivation in 
Information 
Infrastructure 
Innovation 
 
Question 1: The paper highlights tensions from pursuing concerns that span 
short and long temporal scales, and continued attempts at attaining balance 
between short-term and long-term concerns  
 
Question 2: the paper discusses attempts to leverage short-term project-based 
support arrangements and persistent organizational structures, to provide and 
develop IT capacity for technology implementation and maintenance 
Question 3: The paper suggests grafting as a perspective for analysing and 
guiding digital infrastructure efforts, in a way that pays attention to distributed 
control of the installed base and power asymmetries between stakeholders.  
 
Leveraging Project 
Arrangements in 
Developing Health 
Information 
Systems 
Infrastructure 
 
Question 1: The paper maps tensions that characterize the problem space 
within which health infrastructure design choices are made (DHIS1.3, DHIS2, 
DHISm) 
 
Question 2: the paper discusses attempts to leverage short-term project-based 
support arrangements and persistent organizational structures, to provide and 
develop IT capacity for technology implementation and maintenance 
 
Question 3: The paper extends the long now perspective, by proposing an 
additional concern for sustainability – Developing IT capacity 
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Chapter 6: Discussion and Implications 
 
In this chapter, I discuss the research findings presented in the previous chapter. Following 
this, I present a summary of contributions to theory and practice. 
6.1 Responding to question 1: Conditions for Introducing and Enacting Novel 
Solutions 
The first question guiding this study is: What are conditions for integrating novel solutions 
into an existing socio-technical installed base? 
In responding to this question, I seek to contribute to discourse on digital infrastructure, 
especially regarding negotiating the bootstrap problem (Hanseth and Lyytinen, 2010) and 
enacting of technological solutions (Boudreau and Robey, 2005; Fountain, 2001). Through 
the papers that are part of this thesis, I underscore the importance of considering 
idiosyncrasies of the installed base and novel technological offerings. The rationale behind is 
that doing so helps with identification of what parts of the installed base to keep and leverage, 
and those that need changing. My papers, contemplate technology and implementation design, 
as well as negotiation of control to parts of the installed base, in negotiating technology 
adoption, breakdowns, and undesired outcomes of technology implementation. 
6.1.1 Technology and Implementation Strategy Design 
All papers that are part of this thesis underscore the importance of designing technology for 
immediate usefulness and involving target users and key decision makers, across levels of 
administration, to secure buy-in for DHISm. This is exemplified by continued engagement 
with health facilities (users of DHISm), as well as managers from the district health office and 
the Ministry of Health headquarters, who are key decision makers. Buy-in from managers was 
considered essential for the legitimacy and long-term institutionalization of DHISm. Previous 
studies have also suggested designing for usefulness and involvement of target users and other 
key stakeholders, as necessary conditions to enhancing adoption of new technological 
solutions, to gain growth momentum (Grisot et al., 2014; Skorve and Aanestad, 2010).  
Beyond securing stakeholder buy-in, this thesis posits the necessity of considering proposed 
technologies within an ecology of: (i) the nature of practices to be supported, such as routine 
health data reporting; (ii) how people collaborate in going about their work; (iii) related 
demands on supporting technological artefacts; (iv) collectives of technological artefact that 
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require mobilization (Manda and Herstad, 2015; Manda and Sanner, 2014). New technologies 
are made sense of and enacted in the context of evolving interactions with an existing 
installed base (Fountain, 2001), meaning innovation is to be found in simultaneous enactment 
of new and existing technologies and practices (Boudreau and Robey, 2005; Manda and 
Herstad, 2015; Aanestad et al., 2014). Consideration of the above-mentioned facets may be 
useful in deciding on what artefacts are more suited at supporting what parts of multi-stage 
tasks such as routine health data reporting, which comprises report compilation, 
transportation, digitization, and feedback. Each of these stages has varying demands for 
supporting technological artefacts.  
Resulting from consideration the aforementioned aspects, our team was able to recognize a 
need to leverage existing paper tools to support compilation of reports. Paper is commonly 
used to manage data during service delivery and seems better suited at supporting local 
collaborative compilation of reports. On the other hand, utilization of DHISm to replace 
physical transportation of paper forms places DHISm in a space where its usefulness is 
demonstrable and accepted by stakeholders concerned. This way of introducing and enacting 
new technological solutions corresponds to calls by previous studies for installed base 
friendly strategies, i.e. incrementally build on the installed base, whilst offering immediate 
benefits to intended users (Hanseth and Aanestad, 2003; Hanseth and Lyytinen, 2010). 
Continuing in the same manner of minimizing contradiction of the installed base, I have tried 
to emphasise the necessity of paying attention to how new technological solutions such as 
DHISm challenge existing social relations. Demands for better Internet connectivity after 
adoption of DHISm and potential for challenging structures of authority, through isolating key 
gate-keepers, call for consideration of ways to bring key stakeholders along. Previous studies, 
suggest that consideration of the interests of key stakeholders as a useful condition for 
integrating new technology into an existing socio-technical installed base (Grisot et al., 2014). 
In addition, in a context where feedback on reported data has traditionally been poor, adoption 
of DHISm could also have the unwanted effect of eroding communication between health 
facilities and district health offices, which could compromise data quality. Previous studies 
suggest that outcomes of technology supported change are paradoxical and non-linear, 
requiring continued adjustments in both technology and practice (Arnold, 2003; Jarvenpaa 
and Lang, 2005; Jamison et al., 2013; Aanestad et al., 2014; Boudreau and Robey, 2005).  
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The empirical case also suggests that the existing installed base might be weak, requiring 
strengthening of the installed base, to facilitate technology implementation and enactment. In 
the context of DHISm, this is exemplified by: (i) purchase of phones for health facilities; (ii) 
end-user training, to facilitate technology use; (iii) subsidies regarding mobile phone 
subscription; (iv) improving Internet connectivity for key stakeholders. Ribes and Finholt 
(2009) also reflect on the challenge of trying to provide infrastructural services to users with 
varied technical expertise and equipment under the tension inclusion vs. readiness. 
Negotiation of this tension, through the actions above, complies with calls by the 
bootstrapping and continuing design perspectives, to minimize barriers to adoption (Hanseth 
and Aanestad, 2001; Hanseth and Lyytinen, 2010; Karasti et al., 2010).  
Even where the best of attempts are made in initial technology design and implementation, 
breakdowns are bound to occur (Matavire and Manda, 2014; Strauss, 1988; Aanestad, 2002). 
This study’s findings suggests a need for practical work, which might require mobilization of 
resources local to the point of breakdown, or distributed across organizational and 
geographical boundaries (Matavire and Manda, 2014). Ribes and Finholt (2009) reflect on 
continuous efforts to organizing infrastructure work - negotiating balance between planned 
and emergent infrastructure work - under the tension planned vs. emergent work. Negotiation 
of this tension is reflected upon by the continuing design perspective (Karasti et al., 2010) and 
other studies, which underscore the necessity of ongoing practical work to enhance enacting 
and integration of novel technology into an existing installed base (Pipek and Wulf, 2009; 
Skorve and Aanestad, 2010). Where there is need to respond to breakdowns, presented 
findings suggest flexibility to change, in implementation strategy, as an important condition. 
Adoption of incremental and flexible implementation strategies such as bootstrapping and 
continuing design, may provide room for learning and negotiating effects of unforeseen 
circumstances when introducing and enacting novel technologies (Manda and Sanner, 2014; 
Manda, 2015).  
Beyond prescriptions of design strategies such as bootstrapping (Hanseth and Lyytinen, 2010) 
and continuing design (Karasti et al., 2010), reviewed empirical material, foregrounds power 
asymmetries, especially emanating from control to key parts of the installed base and 
financial resources,  as critical to attempts at introducing and enacting new technology.  
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6.1.2 Negotiating Control on the Supply-side of Digital Infrastructure 
It may not always be possible to address the bootstrap problem, solely on the basis of 
following design principle prescribed by design strategies such as bootstrapping (Hanseth and 
Lyytinen, 2010) and continuing design (Karasti et al., 2010). Successful integration of novel 
technologies into an existing installed base goes beyond the mechanics of networks economics 
or frugal technology design (Sanner et al., 2014; Manda, 2015). Previous studies underscore 
the importance of control to parts of the installed base, arguing that those in control of such 
are able to influence infrastructure development trajectories to suit their interest (Nielsen, 
2006; Elaluf-Calderwood et al., 2011). Considering, the multiplicity of interacting technical 
elements and stakeholders, it is not always possible to only build on parts of an installed under 
one’s control. In the case of DHISm implementation efforts, this is exemplified by 
dependence on a mobile service provider (for mobile services), DHIS coordinators (for 
server-side services), and multiple donors (for DHIS2 and DHISm funding). Such distribution 
of dependencies results in a marked fragility to implementation efforts, which may result in 
the collapse of digital infrastructure efforts should critical relations fail (Manda and Sanner, 
2014). This thesis suggests alliance building, with key stakeholders such as DHIS 
coordinators, as a necessary condition to accessing the services of others and parts of the 
installed base  under their control (Manda, 2015; Sanner et al., 2014). Where it is not possible 
to build alliances with key stakeholders, early on in implementation efforts, it might be 
necessary to adopt evolving temporary technological arrangements, to allow implementation 
efforts to proceed. In the case of DHISm, this is exemplified by changes in mobile 
subscription arrangements and adoption of a DHIS2 demonstration server, instead of the 
planned production server, when negotiations regarding access to the production server 
protracted (Manda and Sanner, 2014; Sanner et al., 2014). 
Another important aspect to developing digital infrastructure is opportunity, meaning it is not 
always possible to only build on stable platforms, as argued by Hanseth and Lyytinen (2010). 
Waiting (or not) for the maturation of target platforms to leverage may spell the difference 
between being at the centre or periphery of infrastructure development efforts. In the case of 
DHISm, trying to build upon interest in mobile technology to support routine health data 
reporting meant leveraging DHIS2 implementation efforts that were still unfolding. At times, 
the instability of DHIS2 delayed DHISm work. Here there is an important dialectic between 
opportunity and installed base stability, in attempting to introduce novel technologies. In 
negotiating this dialectic it might be necessary to fashion opportunities that create momentum 
82 
 
in the progress of efforts, implementers seek to leverage. In the context of this study, this is 
exemplified by the DHISm implementation team’s efforts to supports DHIS2 implementation 
efforts (Sanner et al., 2014). It should be noted however, that heterogeneity and geographical 
distribution of influential stakeholder groups, might make it difficult to induce momentum in 
parts of the installed base under the control of others.   
Informed by the context of study – Malawi – where public administration is weak and there is 
a multiplicity of loosely coordinated interventions, I also argue for the pairing of bottom-up 
approaches such as bootstrapping (Hanseth and Lyytinen, 2010) with central, but 
participative, control mechanisms as a necessary condition for organizing contemporary 
efforts across groups of independent stakeholders and promoting continuity of efforts when 
introducing, and attempting to institutionalize new technological solutions. Bottom-up 
approaches and central control mechanisms need not be seen as polar opposites, but 
complementary and intrinsically related opposites of a dialectical relationship.  
Bottom-up approaches reduce the level of temporal commitment required of stakeholders and 
coordination overheads, which central control mechanisms are prone to, through modular 
recruitment of participating stakeholders (Aanestad and Jensen, 2011; Grisot et al., 2014). 
Bottom-up approaches also allow for more flexibility regarding organizing interventions, as 
and when funding opportunities arise, as can be evidenced from HMIS interventions in 
Malawi. Bottom-up approaches also make it possible to decentralise more specific project-
level implementation details to project teams. It has already been established that seeking to 
control the expanse of activities in developing digital infrastructure across heterogeneous 
stakeholders is a futile undertaking (Ciborra et al., 2000; Aanestad and Jensen, 2011; Edwards 
et al., 2007). At the same time, extant literature and this study’s finds suggest that in the 
absence of high-level control structures, bottom-up and incremental strategies such as 
bootstrapping are prone to short-term focus and fragmentation of infrastructure efforts 
(AbouZahr and Boerma, 2005; Aanestad, 2002).  
Central control structures provide a platform for aligning divergent and competing goals, 
developing unified visions, pooling together like interventions, and accessing technical 
expertise (Zimmerman and Finholt, 2007). The interdependence between bottom-up 
approaches and central control mechanisms can be evidenced from developments in Malawi, 
where project teams decide on modalities relating to project-specific interventions, but central 
control structures such as the mHealth Malawi forum and DHIS2 implementers’ meetings are 
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actively used to foster collaboration, formulation of common visions, and continuity of efforts 
beyond individual project arrangements. The organizing function of central control 
mechanisms is recognized by scholars studying e-infrastructures (Zimmerman and Finholt, 
2007; Karasti et al., 2010; Ribes and Polk, 2014; Karasti and Baker, 2004). Thus, we cannot 
accepts the argument for progressive diminishing of central control mechanisms (Ciborra et 
al., 2000) as necessary for all kinds of digital infrastructure, especially goal driven digital 
health infrastructure. Although no single group of actors is entirely in control of changes to 
digital infrastructure, it is also not the case that “the trajectory of change is … without any 
central control” (see: Jansen and Nielsen, 2005: pp. 77).  
Findings from this study also underscore the importance of contributing towards development 
of local capacity and organizational structures to further digital infrastructure work. This 
may be necessary where digital infrastructure efforts are dependent on short-term project 
support arrangements. Previous studies suggest that making considerations for sustainability, 
and starting to develop necessary structures and capacity for maintenance as necessary 
conditions for promoting institutionalization, maintenance, and continuity of introduced 
technological solutions (Kimaro and Nhampossa, 2005; Kimaro and Nhampossa, 2007; Ribes 
and Finholt, 2009; Lucas, 2008). Next, I reflect on strategies for developing implementation 
and maintenance capacity, in a context where the local Ministry of Health has poor IT 
capacity and is dependent on short-term project-based support arrangements. 
6.2 Responding to Question 2: Institutionalizing Development of Implementation and 
Maintenance Capacity 
The second question guiding this study is: What strategies can improve implementation and 
maintenance capacity in the context of changing project-based support arrangements?  
Extant literature acknowledges that project-based arrangements are usually focused on near-
term objectives, such as putting in place working technology within funded project time, at 
the expense of prolonged change processes and long-term maintenance (Markus, 2004; 
Kimaro and Nhampossa, 2005). Prevailing poor implementation and maintenance capacity, 
within the Ministry of Health, in Malawi, is in part a result of dependence on discretely 
arranged project-based interventions. To correct the persistent lack of implementation and 
maintenance IT capacity, and enhance prospects for institutionalization of novel technological 
solutions and ongoing digital infrastructure efforts, it is necessary that the Ministry of Health 
maintains an awareness of long-term objectives for HIS infrastructure development. In other 
words, the Ministry of Health should think ‘infrastructure time’ (Karasti et al., 2010) and 
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account for short-term interventions as part of long-term biographies of digital infrastructure 
development (see: Pollock and Williams, 2010). Infrastructure time thinking anticipates 
consequences for future systems, and related responsibilities pertaining to growth, use, 
maintenance, modification, migration, and redesign (Karasti et al., 2010). With this way of 
thinking, short-term project based arrangements can be used to provide impetus for 
sustainable HIS infrastructure development. Looking at historical HIS efforts, conceptual 
awareness associated with infrastructure time thinking could have minimized short-term 
project-centric thinking in earlier failed HMIS efforts,  such as the World Bank funded data 
review meetings, which faltered after project support was withdrawn (see section 3.4.1). For 
contemporary efforts, the Ministry of Health could utilize forums such as the mHealth Malawi 
forum and DHIS2 implementers meetings, to deliberate development of required IT capacity. 
Such forums could also be used to tackle challenges regarding resource allocation 
asymmetries and fragmentation of IT resources across projects.  
Within the short-term, establishment of IT positions within the Central Monitoring and 
Evaluation Division (CMED) of the Ministry of Health, which is subject to painfully slow 
government bureaucracy, could be augmented with project-based IT support arrangements. 
This is in line with arguments from the continuing design perspective, which calls for 
augmenting long-term protracted processes, with temporary arrangements, to provide 
momentum in infrastructure efforts (Karasti et al., 2010). Engagement of a technical assistants 
(TA) to support DHISm and DHIS2 implementations, as part of this study, serves as an 
example of such an approach. Engagement of DHIS2 coordinators under changing project-
based arrangements over time (HISP Oslo, I-TECH, CDC), is yet another example. Project-
based support arrangements may also be necessary for long-term engagement TAs:  
“when we create the positions we might not sustain them, because what they are getting 
now is equal to the salary of a Principal Secretary [highest ranking tenured civil 
servants at ministry level]” (manager, 2014). 
Despite the above-mentioned benefits, recruitment of TAs with support from projects can be 
challenging. For example, it is critical that TAs engaged under such arrangements should 
work under the oversight of CMED, and with clear terms of reference. In the absence of such, 
there is a potential risk of side-lining CMED, if TAs deal directly with external funders. In the 
absence of clear protocols for reporting, the suggested hybrid arrangement might also put a 
strain on TAs, where there is need to report to both CMED and external funders. Another 
challenge with dependence on project-based arrangements for technical support is that they 
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are discretely arranged as and when funding is available, which may lead to periods with no 
funding to cover operations of TAs, as was evidenced in DHIS2 implementation efforts (see 
section 3.7). The study also documents periods of lean funding due to fall outs with donors 
(see sections 3.1; 3.5; and 4.2.7). Having established positions within CMED could provide a 
basis for drawing on government resources, to help offset the severity of such shocks.  
Besides engagement of TAs, CMED could, over the long-term, also benefit from vibrant local 
organizations such as the newly established HISP Malawi, which is focused on providing HIS 
related IT support and capacity development. Such arrangements have proved beneficial and 
resilient elsewhere (Titlestad et al., 2009; Kimaro, 2006). Table 6-1 provides a summary of 
strategies on how CMED can enhance required IT capacity. 
Table 6-1: Strategies for enhancing implementation and maintenance capacity 
Principle Actualizing 
Embrace infrastructure thinking: - addressing short-term project goals, as part of long-
term goals for growth, maintenance, redesign 
- Engaging donors and other relevant stakeholders 
through existing coordination forums  
Reduce shocks from intermittent 
project-based funding 
- Reducing dependence on individual projects 
- Establishing IT positions within CMED  
Adopt a hybrid approach to 
developing IT capacity: Balancing 
project flexibility with slow 
government bureaucracy 
Augmenting slow government bureaucratic process of 
establishing IT positions with project-based support 
arrangements, within the short-term 
Institutionalize engagement of 
technical assistants 
- Having clear terms of reference for engaging 
technical assistants (TAs) 
- Having clear reporting structures for TAs 
Work towards retention of tenured 
technical assistants  
Augmenting government pay structure with project-
based funding, where necessary, but with reduced 
dependence on discrete project-based financing  
Build progressive IT support 
arrangements 
Promoting development of and collaboration with local 
organizations with specialised IT capacity such as 
HISP Malawi 
The idea behind the strategies above is not just to present a utopian laundry list of possible 
things to be done. Rather, the recommendations are meant to sensitize forward thinking and 
continued evaluation of efforts regarding development of implementation and maintenance 
capacity. A significant amount of practical work and alliance building with key stakeholders 
is necessary in order to actualize the recommendations above. Where local ministries of 
health face persistent financial and technical constraints, there might be need to have in place 
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hybrid funding arrangements, where resources are drawn from multiple partners (Kimaro, 
2006). Next, I discuss how we can conceptually account for tensions to design, development, 
and maintenance of digital infrastructure. 
6.3 Responding to Question 3: Conceptually Accounting for Tensions to Design, 
Implementation and Maintenance 
The discussion in this section responds to the question: How can we conceptually account for 
tensions to design, development, and maintenance of digital infrastructure?  
In responding to this question, I reflect on how existing perspectives inform accounting and 
negotiation of observed concerns and tensions to design, development, and maintenance of 
digital health infrastructure, within the context of study. It is in negotiating observed concerns 
and tensions that novel solutions are enacted and institutionalized to form viable 
infrastructural solutions. The discussion, mainly builds on the perspectives: bootstrapping 
(Hanseth and Lyytinen, 2010), continuing design (Karasti et al., 2010); the long now (Ribes 
and Finholt, 2009); grafting (Sanner et al., 2014). The discussion highlights strengths and 
limitations to these perspectives and how their combination may help address shortfalls in 
individual perspectives. The goal is to contribute towards discourse on developing 
frameworks that allow for more explicit and nuanced accounting of the emergence of digital 
infrastructure. At present, there is a dearth in frameworks that aid conceptualization of digital 
infrastructure (Tilson et al., 2010), especially negotiation of concerns that span multiple 
temporal scales, and related tensions (Karasti et al., 2010; Pollock and Williams, 2010). In 
addition, explicit accounting of concerns and tensions to digital infrastructure goes beyond 
stipulations of any singular perspective (Yoo et al., 2010).  
Preceding discussions and presented empirical evidence suggest that attempts at enacting and 
institutionalizing novel solutions such as DHISm, necessitates negotiation of multiple 
concerns. Key concerns identified include: (i) technology and implementation design; (i) 
growing demand-side adoption, to achieve growth momentum; (iii) negotiating control to 
parts of the installed base, to influence infrastructure development trajectories (supply-side 
control); (iv) long-term maintenance and continuity. This range of concerns and related 
tensions seem inherent to digital infrastructure efforts, as can be evidenced from previous 
studies (Pipek and Wulf, 2009; Nielsen, 2006; Aanestad et al., 2014; Grisot et al., 2014; 
Karasti, 2014a; Sahay et al., 2009). The availability of appropriate frameworks to guide 
attempts to negotiate this range of concerns and related tensions is particularly critical to 
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digital infrastructure efforts that dependent on short-term and discretely arranged project 
support arrangements, as is the case in Malawi.  
6.3.1 Technology and Implementation Design 
In responding to question 1, I have argued in favour of judicious designs and incremental 
development upon the installed base, as ascribed by bootstrapping and continuing design 
(Karasti et al., 2010; Hanseth and Lyytinen, 2010; Aanestad and Jensen, 2011). Following 
conceptualizations by these perspectives provides room for learning and negotiation of 
breakdowns. For example, As previously discussed (Manda and Sanner, 2014), real-time 
application of the bootstrapping strategy provided our implementation team flexibility to 
adjust implementation strategy, negotiate breakdowns, and apply lessons learned from 
implementation work. At the same time, in I have also argued that application of 
bootstrapping has shown that the strategy might be lacking in guiding efforts where 
implementers have no control over key parts of the installed base, due to the presence of 
multiple stakeholders, with competing interests (Manda and Sanner, 2014; Sanner et al., 
2014). Previous formulations of the strategy are from the perspective of a single/coherent 
group of stakeholders driving technology implementation and adoption. However, it is 
possible to have multiple loosely coordinated ‘bootstrappers’ working on different parts of an 
infrastructure, with little or no overlap in their day-to-day activities, as seen in DHIS2 and 
DHISm efforts. In addition to these limitations, bootstrapping’s implicit treatment of temporal 
scales might also compromise conceptualization of tensions that ensue in trying to attend to 
short-term exigencies to technology implementation, whilst trying to build persistent 
arrangements to support maintenance. Attending to both implementation challenges and 
development of IT capacity for maintenance, beyond our team’s involvement was key to 
DHISm efforts. Empirical material also suggests that, historically, continuity of HMIS efforts 
in Malawi has suffered from lack of long-term orientation. Bootstrapping could, then, benefit 
from pairing with continuing design (Karasti et al., 2010) and related concepts of project time 
vs infrastructure, which highlight temporal tensions, in project supported efforts. Continuing 
design (Karasti et al., 2010) also recognises a multiplicity of stakeholders working on 
different parts of the installed base, and suggests modalities for negotiating this (ibid). 
6.3.2 Pursuing Demand-side Adoption 
Presented findings also underscore the importance of technology adoption by target end-users, 
as a basis for successful integration of new technologies such as DHISm into the installed 
base of routine health data reporting. This is a common concern across the perspectives under 
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discussion here, which suggests designing technology for immediate usefulness (Hanseth and 
Lyytinen, 2010; Sanner et al., 2014; Karasti et al., 2010; Ribes and Lee, 2010). Nonetheless, 
of all these perspectives the bootstrapping strategy suggests more explicit principles on how 
to grow demand-side adoption (see table 6-2). 
Table 6-2: Enhancing demand side adoption (Hanseth and Lyytinen, 2010)  
Bootstrapping Principles 
 Target IT capability to a small group 
 Make IT capability simple to implement and use  
 Make IT capability directly useful without a large installed base  
 Design for one-to-many IT capabilities in contrast to all-to-all capabilities 
 Satisfy needs of the most motivated users first 
 Minimize adoption barriers 
 Expand installed base by persuasive tactics to gain momentum  
In responding to question one, I have pointed out that growing adoption is not only subject to 
the mechanics of network economics (Hughes, 1987),  as assumed by bootstrapping strategy. 
Implementers’ lack of control to key parts of the installed base might constrain their ability to 
continually respond to user demands and hence grow infrastructure. Thus, growing demand-
side adoption is subject to both mechanics of network economics and distribution of control to 
key part of the installed base. This suggest a need to pair principles provided by the 
bootstrapping strategy and continuing design (Karasti et al., 2010), with considerations on 
how to negotiate control on the supply-side of digital infrastructure as suggested in the 
grafting perspective (Sanner et al., 2014). Grafting conceptualizes digital infrastructure 
innovation as involving pursuing and relinquishing control, to influence infrastructure 
development trajectories, through: (i) alliance building; (ii) actively searching for and 
possibly fashioning opportunities to get into positions of prominence; (iii) transferring the 
embodiment of control from individuals into institutional arrangements that can survive the 
involvement of individuals and specific projects; (iv) transitioning between adoption of 
temporary arrangements within the short-term, to kick-start implementation efforts or address 
breakdowns, and adoption of persistent arrangements that facilitate institutionalization and 
continuity of implemented technologies (Sanner et al., 2014). Previous studies also suggest 
that control over key parts of an installed base impacts stakeholders’ ability to put in place 
desired infrastructural solutions, considering that infrastructure is political and contested 
(Jansen and Nielsen, 2005; Elaluf-Calderwood et al., 2011; Tilson et al., 2010). 
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6.3.3 Enacting and Institutionalizing Technology 
Building infrastructure entails ongoing practical work (Pipek and Wulf, 2009; Aanestad et al., 
2014). Although initial technology implementation is likely to take place within funded 
project time, the work of enacting and institutionalising technology is likely to continue 
beyond individual project-based arrangements. This can be evidenced from DHIS2 and 
DHISm efforts, as well as other historical HMIS strengthening efforts in Malawi, in the 
period 1999 to 2014. Consequently, it would be helpful to have perspectives that 
conceptualize ongoing negotiation of tensions from combining short-term implementation 
concerns and the protracted work of enacting and institutionalizing technology. The long now 
(Ribes and Finholt, 2009) and continuing design (Karasti et al., 2010) perspectives could act 
as appropriate sensitizing lens to this end. The long now perspective offers a basis for 
conceptualizing dimensions infrastructure work (enacting technology, organising work, 
institutionalizing), concerns for sustainability (aligning end-goals, motivating contribution, 
designing for use), and related tensions (Ribes and Finholt, 2009; Richter, 2011). Beyond this, 
paper 5 (Manda, 2015) highlights limitations to the long now perspective, in that other than 
guiding categorization of infrastructure work and related tensions, it is limited in accounting 
for and explicating actual practices implicated in negotiating identified tensions. This position 
is also advanced by Karasti et al. (2010). This is where pairing of the long now and continuing 
design comes in handy – see paper 5 (Manda, 2015). For example, use of the concepts project 
time vs infrastructure time (Karasti et al., 2010) foregrounds the tension of responding to 
issues of here-and-now, such as attending to breakdowns, and putting in place persistent 
technical support arrangements, through drawing up terms of reference for recruiting 
technical assistants (TAs) and recruiting TAs. Earlier on, I advanced an argument on how 
conceptual awareness associated with the continuing design perspective could have benefited 
earlier HMIS strengthening efforts, which began to fail after the withdrawal of initial project-
based support (see section 6.2). The long now could also be paired with bootstrapping or the 
grafting perspective, as there are some overlaps between these perspectives.  
6.3.4 Extending the Long now Perspective: Adding a Dimension on Developing IT 
Capacity 
As mentioned in the previous sub-section, the long-now perspective (Ribes and Finholt, 2009) 
goes a long way in conceptualizing practical infrastructure work and concerns for 
sustainability. Despite this, I am of the view that the perspective could benefit from an 
additional concern for sustainability – developing IT capacity, as suggested in paper 5 (Manda, 
2015) and depicted in table 6-3. 
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Table 6-3: Extending the long now perspective 
Concerns for 
sustainability 
Scales of II work 
Enacting Technology  Organising Work Institutionalizing 
Aligning End-
goals 
Inclusion Vs. Readiness Planned Vs. 
Emergent 
Project Vs. facility 
Motivating 
Contribution 
Research Vs. Production 
Systems 
Research Vs. 
Maintenance 
Individual Vs. 
Community 
Designing for Use Today’s Requirements 
Vs. Tomorrow’s Users 
Research Vs. 
Development  
Communities Vs. 
Constituencies 
Developing IT 
Capacity 
 End-user action vs. end-
user support 
Fragmented vs. 
shared IT support  
Project flexibility vs. 
bureaucratic discipline 
The proposed extension to the long now perspective might enhance its applicability to 
contexts with sparse IT capacity, such as Malawi. Other studies underscore the significance of 
developing IT capacity at both user and organizational level, to aid technology adoption, use, 
maintenance, and evolution (Kimaro, 2006; Lucas, 2008). 
So far in this section, I have pointed at aspects of digital health infrastructure efforts 
documented herein and application of the following perspectives in theorizing the same:  
bootstrapping (Hanseth and Lyytinen, 2010), continuing design (Karasti et al., 2010); the long 
now (Ribes and Finholt, 2009); grafting (Sanner et al., 2014). I have also endeavoured to 
highlight limitations to individual perspectives, and possibilities for combining the 
perspectives. Next, I conclude this section by summarizing how the perspectives can be 
combined. In doing this, I advance a framework that combines aspects of the perspectives 
above, in relation to the question: How can we conceptually account for tensions to design, 
development, and maintenance of digital infrastructure?  
6.4 Towards Integrated Perspectives for Theorizing Digital Infrastructure Efforts 
The perspectives reviewed can be combined, with the extended long now perspective 
providing a foundation for conceptualizing the digital infrastructure problem space and 
temporal tensions. Continuing design, then, goes a step further in highlighting and explicating 
temporal tensions, through the concepts project time vs infrastructure time, which arise from 
attending to concerns that span multiple temporal scales, within funded project time. These 
concepts are particularly useful in deliberating digital infrastructure efforts in the context of 
loosely coordinated and discretely arranged interventions, as is the case in Malawi. This view 
is complemented by bootstrapping and grafting, which also seek to conceptualise how digital 
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infrastructures emerge, be it with some differences in emphasis. Bootstrapping provides more 
explicit design principles on how to grow demand-side adoption.  In turn, it gains explicit 
treatment of temporal scales, and concepts on how to conceptualize temporal tensions, 
through pairing with the long now and continuing design perspectives. Grafting provides 
conceptualization of implications of power asymmetries, distributed control to parts of the 
installed base, and the pursuit of control for such. The subject of control is under theorised or 
not covered in bootstrapping, continuing design and the long now perspectives. Table 6-4 
presents a summary of how the perspectives can be combined. 
Table 6-4: Proposed integrated framework 
Perspective Contributes Gains 
Long now  Conceptualization of infrastructure 
design problem space – dimensions of 
infrastructure work and concerns for 
long-term sustainability 
 
More nuanced strategies and explicit 
accounting of practices in enacting and 
institutionalizing technology 
Conceptualization of pursuit for 
control on the supply-side  
Continuing 
design 
 Concepts: project time vs. 
infrastructure time  
 Treatment of short-term vs. long-
term tensions as points for 
innovation 
 Conceptualization of pursuit for 
control on the supply-side  
 Additional principles from 
bootstrapping 
Grafting  Foregrounding power asymmetries 
 pursuit of control distributed among 
stakeholders 
Conceptualization of problem space 
for digital infrastructure –dimensions 
of infrastructure work and concerns 
for long-term sustainability 
Bootstrapping  Explicit design principles for: (i) 
technology intervention design; (ii) 
pursuing demand-side adoption 
 Implicit treatment of temporal 
issues, especially the long-term 
 Conceptualization of pursuit for 
control on the supply-side  
Next, table 6-5 depicts the proposed integrated framework, which draws aspects from 
bootstrapping (Hanseth and Lyytinen, 2010), continuing design (Karasti et al., 2010); the long 
now (Ribes and Finholt, 2009); grafting (Sanner et al., 2014). 
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Table 6-5: Proposed integrated framework for digital infrastructure 
Concerns/Tensions Principles/concepts Basis 
Scales of 
infrastructure work 
enacting technology; organizing work; institutionalizing Long now (Ribes 
and Finholt, 2009) 
Concerns for 
sustainability 
aligning end-goals; motivating contribution; designing for 
use; developing IT capacity 
All four 
perspectives;  
Empirical findings 
(Manda, 2015) 
Explicating 
temporal tensions 
project time vs. infrastructure time 
development, maintenance and redesign in mind 
Continuing design 
(Karasti et al., 
2010) 
demand-side 
adoption 
 target IT capability to a small group 
 make IT capability simple to implement and use  
 make IT capability directly useful without a large 
installed base  
 design for one-to-many IT capabilities in contrast to 
all-to-all capabilities 
 satisfy needs of the most motivated users first 
 minimize adoption barriers 
 expand installed base by persuasive tactics to gain 
momentum 
Bootstrapping 
(Hanseth and 
Lyytinen, 2010) 
 
Supply-side control  building alliances 
 searching for and fashion opportunities to get into 
positions of prominence 
 transferring control from individuals into institutional 
arrangements – long-term continuity  
 transitioning between temporary and persistent 
arrangements, to accommodate short-term and long-
term concerns 
Grafting (Sanner 
et al., 2014) 
 
 
The relevance of this framework has been portrayed through application of its parts in the 
preceding discussions, thought this chapter. The proposed combination of perspectives might 
lessen biases resulting from application of singular perspectives, thereby contributing towards 
addressing the dearth in frameworks that aid nuanced conceptualization of how digital 
infrastructures emerge (Pollock and Williams, 2010; Karasti et al., 2010; Yoo et al., 2010): 
“Infrastructure is “large” spanning time and space, but it is also “small” coming in contact 
with routine and everyday practice. Thus, infrastructure studies require drawing together 
methods that are equal to the ambitions of its phenomenon” (Bowker et al., 2010: pp. 113) 
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“there is an urgent need to develop approaches, methods and tools for collaborative 
infrastructure development that would allow for and support different temporal orientations 
to ensure effective and productive collaborations” (Karasti et al., 2010: pp. 404) 
It is hoped that the framework advanced herein goes some way in addressing concerns raised 
in the quotes above. Next, I conclude this thesis by presenting a summary of theoretical and 
practical contributions made herein. 
6.5 Summary of Contributions and Implications to Theory and Practices  
This thesis makes the three contributions to theory and practice. First, the thesis contributes 
towards conceptualization of concerns and tensions to design, implementation, and 
maintenance of digital infrastructure, whose negotiation aids enacting and institutionalizing of 
novel solutions. Second, the thesis contributes to discourse on mHealth, through consideration 
of how dynamics within the larger HIS context, interplay with mHealth interventions. Third, 
the thesis suggests strategies for enhancing IT implementation and maintenance capacity, in 
the face of changing project-based support arrangements. The papers that are part of this 
thesis also contribute to literature, either by extending on existing perspectives or proposing 
new perspectives on theorizing digital infrastructure. 
6.5.1 Theoretical Contribution – Conceptualizing Concerns and Tensions to Digital 
Infrastructure 
The thesis advances a framework that draws on existing perspectives on temporality, to 
inform theorizing of concerns and tensions to digital infrastructure design, implementation 
and maintenance. The thesis applies the perspectives: bootstrapping (Hanseth and Lyytinen, 
2010); long now (Ribes and Finholt, 2009); continuing design (Karasti et al., 2010); grafting 
(Sanner et al., 2014). The perspectives are applied to guide conceptualization and possible 
negotiation of concerns and tensions relevant to this study: technology and implementation 
design; growing demand-side adoption; enacting and institutionalizing technology; 
negotiating supply-side control; long-term maintenance and continuity. Through this analysis, 
the thesis identifies that individual perspectives are suited to informing parts of observed 
phenomena, but may also benefits from combination with other perspectives. The framework 
advanced allows for analysis of the above-mentioned concerns that span multiple temporal 
scales. It combines incremental and long-term views to digital HIS infrastructure development, 
to accommodate emergent nature of digital infrastructure, as well as implications of long-term 
concerns on actions in the here-and-now. The proposed framework responds to the call for an 
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analytical shift from a ‘discrete systems’ to an ‘infrastructural’ perspective and the need to 
explore long-term biographies rather than isolated moments and sites of change (Pollock and 
Williams, 2010; Karasti et al., 2010), which demands a combination of methodological tools 
and approaches (Yoo et al., 2010; Bowker et al., 2010). Aside from responding to the above 
expressed concerns for frameworks to further our understanding of digital infrastructure, the 
framework proposed in this thesis could be of relevance to concerns and questions posed or 
reflected upon by previous studies on digital infrastructure design: how different elements 
developed across time and space, are combined and natured (Monteiro et al., 2014; Hanseth 
and Lyytinen, 2010); conditions necessary for digital infrastructure growth and evolution 
(Grisot et al., 2014); activities that span before-use-design and design-in-use of infrastructure 
(Pipek and Wulf, 2009); how to transition novel IT offerings into viable infrastructures 
(Hanseth and Lyytinen, 2010).  
6.5.2 Theoretical Contribution – Contributions to mHealth Literature 
In considering mHealth interventions within the context of larger HIS efforts, this thesis 
contributes to mHealth literature in highlighting the complexity of introducing such solutions 
and attempting to integrate them into existing socio-technical installed bases. In doing this, 
the thesis highlights possible solutions to addressing challenges encountered. Previous 
research suggests that mHealth interventions largely ignore dynamics within larger existing 
HIS setups, to their own detriment, as a majority of challenges facing mHealth go beyond 
mHealth itself (Leon et al., 2012). There is need to take into account work practices; 
heterogeneous artefacts in use; technological platforms; financial, implementation, and 
maintenance capacity (Braa and Nielsen, 2013; Leon et al., 2012). This thesis, then, 
contributes towards the emerging discourse on taking an ecological perspective, which 
embraces and deliberates the above-mentioned elements in designing, implementing, and 
maintaining of mHealth solutions.  
6.5.3 Practical Contribution: Strategies on how to enhance and institutionalize 
implementation and maintenance capacity 
The thesis advances strategies on how to develop implementation and maintenance capacity 
where efforts to develop digital health management information systems must build on agile, 
but short-term project-based support arrangements, and slow and bureaucratic government 
structures. The thesis advances six principles in relation to this: (i) embrace long now 
(infrastructure time) thinking; (ii) reduce shocks from intermittent project-based funding, 
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through mobilizing long-term government support; (iii) adopt a hybrid approach to 
developing IT capacity - balancing project flexibility with slow government bureaucracy; (iv) 
institutionalize engagement of technical assistants, who are often engaged on project-based 
arrangements; (v) working towards retention of tenured technical assistants; (vi) building 
progressive IT support arrangements, through collaboration with, and establishment of, 
organizations focused on providing and developing specialised HIS-related IT capacity. 
 
Through consideration of the importance of IT capacity in guiding implementation, use, and 
maintenance of digital infrastructure, the thesis also extends on the long now perspective, 
proposing an additional concern for sustainability – developing IT capacity. The propositions 
made herein, could enhance prospect for long-term maintenance and continuity of 
infrastructure, as previous studies point at maintenance as a challenge in digital health 
infrastructure (Kimaro, 2006; Pollock and Williams, 2010; Sheikh and Braa, 2011).  
. 
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Chapter 7: Conclusion 
 
This thesis contributes to discourse on temporality in digital infrastructure, covering activities 
at enacting and institutionalizing technology, as well as organizing infrastructure work. The 
thesis suggests a framework that combines existing perspectives on temporality in 
infrastructure, to aid conceptualization and negotiation of concerns and tensions to design, 
implementation, use, and maintenance of digital infrastructure. Literature suggests that 
although digital infrastructures, such as HIS, unfold over extended periods of time and are 
meant for long-term use, their development is reliant on project support arrangements (Ribes 
and Finholt, 2009; Edwards et al., 2007; Kimaro and Nhampossa, 2005). However, project-
based arrangements are less focused on long-term change processes, such as maintenance and 
redesign of infrastructure. Rather, they are often short-term focused and aim at demonstrating 
successful implementation of technology at the end of funded project time (Karasti et al., 
2010; Markus, 2004). The mismatch between the extended periods over which digital 
infrastructures unfold and are meant to be used, and inherent short-term thinking associated 
with project-based support arrangements poses several challenges to digital infrastructure 
efforts. First, it leads to piecemeal development of infrastructure, which results in solutions 
that are difficult to evolve and do not respond to changing user needs (AbouZahr and Boerma, 
2005). Second, it may be challenging to develop capacity for maintenance of implemented 
technology, which weakens prospects for institutionalizing novel solutions (Karasti et al., 
2010; Kimaro, 2006). To address such challenges, there are calls to blur boundaries between 
design, implementation, use, and maintenance of digital infrastructure (Ribes and Finholt, 
2009; Karasti et al., 2010; Edwards et al., 2013; Pollock and Williams, 2010; Blomberg and 
Karasti, 2013).  The idea is to prompt long-term thinking by accounting for short-term 
interventions as part of long-term processes. 
Despite efforts to encourage long-term thinking, recent studies indicate a lack of frameworks 
that guide conceptualization and negotiation of concerns and tensions to design, 
implementation, and maintenance of infrastructure, which span multiple temporal scales 
(Bowker et al., 2010; Pollock and Williams, 2010). Other scholars have also called for a 
combination of perspectives, arguing that the expanse of concerns in digital infrastructure 
goes beyond the provisions of any singular perspective (Bowker et al., 2010; Yoo et al., 2010; 
Pollock and Williams, 2010).  
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The thesis also discusses conditions to enacting and integrating novel mobile technology 
solutions into an existing installed base of routine health data reporting. The thesis deliberates 
the interplay between novel mobile technology solutions, the existing installed base of 
existing practices and artefacts in use, as well as efforts of multiple stakeholders, with often 
competing interests. Recent studies indicate a lack of concrete analysis on how heterogeneous 
elements of digital infrastructure (developed at different times and places) are combined and 
carried forwards (or not) (Monteiro et al., 2014). In discussing mHealth interventions in light 
of dynamics within the larger HIS context, the thesis also contributes towards addressing calls 
for an ecological approach to mHealth, which accounts for interacting heterogeneous 
practices, artefacts, stakeholders, and other organizational support structures, within mHealth 
interventions (see: Leon et al., 2012; Braa and Nielsen, 2013).  
The thesis also suggests strategies on how to develop IT implementation and maintenance 
capacity. This is meant to guide HIS infrastructure efforts in the context of loosely 
coordinated project-based support arrangements and slow, bureaucratic, government 
structures, which make long-term engagement of IT experts challenging. Although 
development of such strategies is based on empirical findings from Malawi, the strategies 
could be of relevance elsewhere. Studies from other African countries indicate challenges in 
trying to build capacity for maintenance in the context of weak public administration and 
reliance on donor funded project support arrangements (Kimaro and Nhampossa, 2005; 
Kimaro, 2006; Kimaro and Nhampossa, 2007). 
7.1 Further Research 
Further research is necessary to test applicability of the theoretical framework advanced 
herein, in a different empirical setup. It would be interesting to look at what concerns from 
those discussed herein are dominant across contexts and what the resultant impact would be 
regarding application of the conceptual framework on digital infrastructure advanced herein. 
Following up on the interest in long-term maintenance and continuity of digital infrastructure 
beyond initiating project-based arrangements, it is necessary that the mHealth initiatives 
discussed herein be studied for an extended period of time.  
Going forward, the insights provided in this study could be strengthened further, by pairing 
the theoretical lens discussed herein, with concepts from institutional theory, especially the 
institutional logics perspective (Thornton and Ocasio, 2008; Thornton et al., 2012) and the 
capability approach (Sen, 1999).  
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7.1.1 Possible Insights for Institutional Theory – Institutional Logics 
The thesis brackets deep institutional relations, power for example, and logics that guide the 
workings of government agencies such as the Ministry of Health, as well as how donors relate 
with government agencies and amongst themselves. In discussing attempts at 
institutionalizing technological solutions and the participation of independent stakeholders, I 
lean more towards the practical and organizing aspects of achieving such. I do not discuss in 
great detail historical institutional motivations that shape prevailing project-based funding 
infrastructure. Rather, I focus on how we may build long-term digital infrastructure given 
prevailing funding infrastructure. We are likely to achieve more insights to guide both the 
practice and theory of developing digital infrastructure, through unpacking deep sitting and 
possibly changing institutional logics that shape intra and inter organizational stakeholder 
relations, material practices, and funding infrastructure, to impact development of digital 
infrastructure. Unlike the case with a majority of previous studies, it is necessary that 
concepts from institutional theory, such as institutional logics, be applied in combination with 
those from extant literature on digital infrastructure. 
The institutional logics perspective combines macro-historical structures, agency, and multi-
level processes (society, inter-organizational, organizational, individuals), in explaining how 
institutions, which form the basis guiding how organizations and individuals operate, enable 
and constrain decisions and action (Thornton et al., 2012). Institutional logics can be defined 
as “the socially constructed, historical patterns of cultural symbols and material practices, 
including assumptions, values, and beliefs, by which individuals and organizations provide 
meaning to their daily activity, organize time and space, and reproduce their lives and 
experiences” (Thornton et al., 2012:pp 2). Thus, Institutional logics provide the formal and 
informal rules of action, interaction, and interpretation that guide and constrain decision 
makers in accomplishing organizational tasks (Ocasio, 1997).  
Recent studies are indicative of the relevance of the institutional logics lens in studying HIS 
(Asangansi, 2014; Asangansi, 2012; Sanner and Sæbø, 2014; Sahay et al., 2010; Currie and 
Guah, 2007). In analysing HMIS implementations in Nigeria, Asangansi (2014) argues that 
the capitalist market institution “cascades down and is expressed as a tendency for HMIS 
project funders to calculate return on investment and be more interested in manageable short 
term projects …rather than long-term broad system commitments” (ibid :pp. 26). In a similar 
vein, Sanner and Sæbø (2014) argues that years of donor focus on short-term impact-centred 
project evaluations, have resulted in projects progressively paying out high per diems, to 
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attract participation and demonstrate impact. Over time, this practice has created expectations 
for pay among target user groups, for them to support project work, resulting in a self-
reinforcing dynamic between per diems and participation, which threatens realization of long-
term objectives for digital infrastructure. On the basis of their study, Sanner and Sæbø (2014) 
contend that capacity building and sustainability challenges are not easily resolved within the 
scope of a single project, but should be considered within the dynamics of the broader 
institutional landscape and development interventions. Sahay et al. (2010) apply the 
institutional logics perspective to elucidate challenges and possibilities for change in HMIS 
implementation, stemming from contradictory institutional logics. Focusing on HMIS efforts 
in Tajikistan, their narrative centres on interplay between policies of existing institutions left 
behind by Soviet legacy which favoured a centralized planning model, and propositions by 
consultants, introducing computer-based HMIS that pushed for local decision-making through 
a decentralized system for collecting, processing, and analysing primary healthcare data.  
In sum, consideration of institutional logics elucidates opportunities and challenges for 
constructing explanations, narratives and vocabularies of practice to navigate or modify 
established motivations, relations and practices, and possibly create new ones (Asangansi, 
2014). 
7.1.2 Strengthening Human Infrastructure: Possible Insights from the Capability 
Approach 
Beyond the discussions in this thesis, further research might want to consider a broader and 
detailed analysis of longitudinal developments regarding human infrastructure - the people, 
organizations, and networks required to prototype, integrate, harden, and nurture 
infrastructural solutions (Lee et al., 2006) – through the lens of the capability approach (Sen, 
1999; Sen, 1990). HMIS interventions in Malawi and similar resource constrained countries 
are generally tagged as “HMIS strengthening” (which has connotations of a developmental 
agenda), yet the continued fragility of registered gains beyond initiating project interventions, 
suggests a challenge beyond the short-term vs long-term tensions, resulting from prevailing 
funding infrastructure. Beyond attempts at trying to provide novel ways of communicating 
health data, there seems to be a general disregard of developing digital infrastructure in a 
manner that builds organizational and individuals’ capabilities, to self-determine what 
solutions best address their needs, as well as how implemented solutions should be 
maintained, nurtured, or be replaced.  
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The capability approach affords an evaluation of the interplay between human agency and 
institutional arrangements (Zheng, 2009). The approach considers what people are effectively 
able to do and to be (“doings and beings”) – termed functionings - as constitutive elements of 
living and it relates the evaluation of the quality of life to the assessment of the capability to 
function (Sen, 1990). The capability of a person is seen as a combination of various different 
functionings (a “functioning n-tuple”) he or she can achieve. Included items may vary from 
elementary functionings such as escaping morbidity and mortality, to complex functionings 
such as achieving self–respect and actively taking part in the life of a community (ibid). 
Scholars have applied the capability approach in investigating the impact of technological 
solutions on target user groups, providing a framework of thought to locate technological 
adoption in the bigger context of development, as means rather than ends (see: Kleine, 2010; 
Zheng, 2009; Zheng, 2007). In considering the capability approach we may be able to reflect 
on questions such as: (i) What conditions enable or restrict the “agency” of ICT adopters?; (ii) 
What are the needs and aspirations of potential ICT adopters? (Zheng, 2009). In the end, in 
looking at broader aspects of human infrastructure and prevailing institutional arrangements, 
we can inform policy and practice, to avoid occurrences where supposed HMIS strengthening 
efforts keep going in circles, chasing the same objectives, yet not achieving desired objectives 
regarding enhancing human capabilities (desired beings and functionings). The capability 
approach has also been paired with the institutional perspective, to operationalize it in 
theorizing ICT (Bass et al., 2013).  
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'XQIRUGHWDOSS(PSLULFDOO\ZHGUDZXSRQLPSOHPHQWDWLRQDQGHQDFWPHQWRI
PRELOH SKRQHEDVHG WRROV IRU URXWLQH KHDOWK GDWD UHSRUWLQJ EHWZHHQ KHDOWK IDFLOLWLHV DQG D
GLVWULFW KHDOWK RIILFH LQ 0DODZL ,Q 0DODZL GDWD UHSRUWLQJ EHWZHHQ KHDOWK IDFLOLWLHV DQG
GLVWULFWKHDOWKRIILFHVKDV WUDGLWLRQDOO\EHHQSDSHUEDVHG$OWKRXJKKLJKO\ IXQFWLRQDOSDSHU
EDVHG UHSRUWLQJ LVEHVHWZLWK FKDOOHQJHVSHUWDLQLQJ WR WUDQVSRUWDWLRQRI SDSHUEDVHG UHSRUWV
7UDQVSRUWDWLRQ RI SDSHU UHSRUWV LV SDUWLFXODUO\ FKDOOHQJLQJ IRU UXUDO KHDOWK IDFLOLWLHV ZKHUH
URDGVDUHXQSDYHGDQG LQSRRUFRQGLWLRQGXULQJ WKHUDLQ\VHDVRQ2SWLRQV IRU WUDQVSRUWDWLRQ
DUHDOVRYHU\OLPLWHGUHVXOWLQJLQKHDOWKIDFLOLWLHVVHQGLQJLQUHSRUWVXVLQJZKDWHYHUPHDQVLV
DYDLODEOHDPEXODQFHGULYHUVSDWLHQWVHWF,QVXFKDVHWXSLWLVQRWXQFRPPRQIRUUHSRUWVWR
JRPLVVLQJRUUHPDLQXQGHOLYHUHGIRUPRQWKV$OWKRXJKDWILUVWJODQFHLWDSSHDUVWKDWPRELOH
SKRQH VROXWLRQV DUH EHVW SODFHG WR FRUUHFW WKHVH FKDOOHQJHV WKURXJK HQDEOLQJ UHPRWH
FRPPXQLFDWLRQRIGDWD WKHLURSHUDWLRQDOL]DWLRQ UHTXLUHV VLJQLILFDQWSUDFWLFDOZRUN3HQDQG
SDSHUFDQQRWEHHDVLO\GRQHDZD\ZLWK3HQDQGSDSHUKDYHWUDGLWLRQDOO\EHHQDWWKHKHDUWRI
GDWDFROOHFWLRQGXULQJVHUYLFHGHOLYHU\DQGUHODWHGDJJUHJDWLRQ&RQVHTXHQWO\LWLVFHUWDLQWKDW
LPSOHPHQWHG PRELOH SKRQH VROXWLRQV DQG SDSHUEDVHG WRROV DQG SUDFWLFHV ZLOO FRH[LVW IRU
VRPHWLPHWRFRPH
,QOLQHZLWKWKHDERYHVWDWHGJRDORXUQDUUDWLYHFHQWUHVRQHPHUJHQWRXWFRPHVRIWKHVLWXDWHG
LQWHUPL[ EHWZHHQ KXPDQV PRELOH SKRQHEDVHG DQG SDSHUEDVHG VROXWLRQV DFURVV GLIIHUHQW
VWDJHVRIGDWDUHSRUWLQJFRPSLODWLRQWUDQVSRUWDWLRQGLJLWL]DWLRQGHOLYHU\RIIHHGEDFN2IWHQ
VWXGLHVRQPRELOH WHFKQRORJ\ODUJHO\GZHOORQFDSDELOLWLHVRIPRELOHGHYLFHVDVLI WKDW LVDOO
WKDW PDWWHUV %UDD DQG 1LHOVHQ  2XU JXLGLQJ TXHVWLRQ LV KRZ GR PRELOH SKRQH
VROXWLRQV LQWHUSOD\ ZLWK H[LVWLQJ SDSHUFHQWULF WRROV DQG SUDFWLFHV LQ URXWLQH KHDOWK GDWD
UHSRUWLQJ"
%\DFFRXQWLQJIRUWKHDERYHPHQWLRQHGIDFWRUVZHDUHEHWWHUSODFHGWRDFFRXQWIRUZKDWSDUWV
RIWKHH[LVWLQJVRFLRWHFKQLFDOVHWXSQHHGWREHPDLQWDLQHGDQGWKRVHWKDWDUHSUREOHPDWLFDQG
UHTXLUH PRGLILFDWLRQ :KHUH WHFKQRORJ\VXSSRUWHG FKDQJHV DUH UHTXLUHG LW LV SRVVLEOH WR
EHWWHUGHWHUPLQHZKHUHDQGKRZ WR LQWURGXFHQHZDUWHIDFWV7KHUH LV DOVRDQRSSRUWXQLW\ WR
GLVFRYHUH[FLWLQJEXWRIWHQRYHUORRNHGZD\VLQZKLFKLPSOHPHQWHGWHFKQRORJLHVILW WKHXVH
FDVH DW KDQGDQG FDQEH WKHRUL]HG )RU H[DPSOH LQ WKLV SDSHUZHVHH WKDW FRQWUDU\ WR WKH
JHQHUDOIRFXVRQPRELOHSKRQHVDV WRROV IRUVXSSRUWLQJSHRSOHRQ WKHPRYH WKHLU UHOHYDQFH
PLJKW DFWXDOO\ EH IRXQG LQ UHGXFLQJ SHRSOH¶V PRELOLW\ 6XFK LV HVSHFLDOO\ WKH FDVH ZKHUH
PRELOHSKRQHVDUHXVHGWRUHSODFHSK\VLFDOWUDQVSRUWDWLRQRIUHSRUWV
7KH UHVWRI WKLVSDSHU LVRUJDQL]HGDV IROORZV WKHQH[W VHFWLRQSUHVHQWVD UHYLHZRI UHODWHG
VWXGLHVDQGWKHWKHRUHWLFDODSSURDFKDGRSWHGIRUWKLVSDSHU7KLVLVIROORZHGE\DSUHVHQWDWLRQ
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
RIWKHUHVHDUFKPHWKRGRORJ\HPSOR\HG7KHUHDIWHU WKHHPSLULFDOILQGLQJVDUHSUHVHQWHGDQG
GLVFXVVHG)LQDOO\FRQFOXGLQJUHPDUNVDUHSURYLGHG
5HODWHGOLWHUDWXUH
,QWKLVVHFWLRQZHUHYLHZOLWHUDWXUHRQPRELOLW\WHFKQRORJLFDODIIRUGDQFHVDQGWHFKQRORJ\
HQDFWPHQW
0RELOH3KRQHVDQG0RELOLW\
2[IRUG GLFWLRQDULHV GHILQHPRELOLW\ DV ³WKH DELOLW\ WRPRYHRU EHPRYHG IUHHO\ DQG HDVLO\´
2[IRUG'LFWLRQDULHV,QLQIRUPDWLRQV\VWHPVWKHFRQFHSWRIPRELOLW\KDVEHHQDSSOLHG
LQ VWXG\LQJ WKHPRELOLW\RI LQGLYLGXDOV DQG WHFKQRORJLFDO DUWHIDFWV HVSHFLDOO\ LQ UHODWLRQ WR
LPSOLFDWLRQVRIWKHLU LQWHUDFWLRQ/XIIDQG+HDWK.ULVWRIIHUVHQDQG/MXQJEHUJ
$OWKRXJKYDULRXVDUWHIDFWVVXFKDVGHVNWRSFRPSXWHUVFDQEHPRYHGPRELOHWHFKQRORJLHVDUH
FDWHJRUL]HGDV WKRVHVSHFLILFDOO\GHVLJQHG WRVXSSRUWXVHZKLOVWRQ WKHPRYH:HLOHQPDQQ
3UHYLRXVVWXGLHVKDYHIRFXVHGRQKRZWRSURYLGHLQGLYLGXDOVRQWKHPRYHZLWKDFFHVV
WRUHPRWHUHVRXUFHV.ULVWRIIHUVHQDQG/MXQJEHUJDQGORFDOFROODERUDWLRQDQGPRELOLW\
/XII DQG +HDWK  .ULVWRIIHUVHQ DQG /MXQJEHUJ  6FKRODUV KDYH DOVR VWXGLHG
VLWXDWLRQV ZKHUH SHRSOH PRYH DV WKH DFWLYLW\ RFFXUV µWUXO\ PRELOH ZRUN¶ :HLOHQPDQQ
 DQG FROODERUDWLRQ LQ HYHU\GD\ OLIH :HLOHQPDQQ  -DUYHQSDD DQG /DQJ 
:HLOHQPDQQSURYLGHVDFDWHJRUL]DWLRQRIVWXGLHVRQPRELOLW\EDVHGRQFRUHFRQFHUQV
DGGUHVVHGVHHWDEOH
7DEOH9LHZVRQ0RELOLW\±$GDSWHGIURP:HLOHQPDQQSS
%H\RQG WKH DERYHGHSLFWHGFDWHJRUL]DWLRQV VFKRODUVQHHG WREHPRUHFRQFHUQHG DERXWZKDW
FDWHJRULHV RU LVVXHVRIPRELOLW\ LH SK\VLFDOPRYHPHQWRUSRVLWLRQLQJ DUH UHOHYDQW IRU WKH
DFWRUVLQYROYHGLQWKHDFWLYLW\LQIRFXV:HLOHQPDQQ
$IIRUGDQFH
*LEVRQ GHILQHVDIIRUGDQFHDVD UHODWLRQVKLSEHWZHHQ DQ DQLPDODQG LWV HQYLURQPHQW
+H VWDWHV WKDW ³ WKH DIIRUGDQFHV RI WKH HQYLURQPHQW DUH ZKDW LW RIIHUV WKH DQLPDO ZKDW LW
SURYLGHV RU IXUQLVKHV HLWKHU IRU JRRG RU LOO´ *LEVRQ  SS  7KUHH IXQGDPHQWDO
SURSHUWLHVRIDIIRUGDQFHLQFOXGHLDQDIIRUGDQFHH[LVWVUHODWLYHWRWKHDFWLRQFDSDELOLWLHVRID
SDUWLFXODU DFWRU )RU H[DPSOH D KRUL]RQWDO IODW H[WHQGHG DQG ULJLG VXUIDFH UHODWLYH WR WKH
ZHLJKW DQG VL]H RI DQ DQLPDO DIIRUGV VXSSRUW LL WKH H[LVWHQFH RI DQ DIIRUGDQFH LV
LQGHSHQGHQW RI WKH DFWRU¶V DELOLW\ WR SHUFHLYH LW LLL DQ DIIRUGDQFH GRHV QRW FKDQJH DV WKH
QHHGVDQGJRDOVRIWKHDFWRUFKDQJH*LEVRQ0F*UHQHUHDQG+R
2YHU WKH \HDUV WKH FRQFHSW RI DIIRUGDQFHV KDV EHHQ ZLGHO\ DSSOLHG LQ GHVLJQ VWXGLHV
HVSHFLDOO\ KXPDQ FRPSXWHU LQWHUDFWLRQ +&, $SSOLFDWLRQ RI WKH FRQFHSW LQ WKLV ILHOG KDV
EHHQQRWHGWRYDULHGDQGHUURQHRXVLQVRPHFDVHV0F*UHQHUHDQG+R)RUH[DPSOH
WKHGHILQLWLRQRIDIIRUGDQFHVE\1RUPDQ1RUPDQGHYLDWHVIURP*LEVRQ¶V1RUPDQKDV
KRZHYHUFODULILHGWKDWZKDWKHLQWHQGHGWRDGYDQFHZDVWKHQRWLRQRISHUFHLYHGDIIRUGDQFHV
1RUPDQ0F*UHQHUHDQG+RDUJXHWKDWUHWXUQLQJWRDGHILQLWLRQFORVHWRWKDWRI
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ϰ

*LEVRQ¶VZRXOG VROLGLI\ WKH FRQFHSW ,Q WKLV SDSHUZH EXLOG RQ WKH GHILQLWLRQ SURYLGHG E\
*LEVRQ
3DSHU,WVDIIRUGDQFHVDQGOLPLWDWLRQV
2UJDQL]DWLRQDOZRUNSUDFWLFHVKDYHRIWHQHYROYHGKDQGLQZLWKWKHXVHRISDSHU1HZPDQDQG
:HOOQHU  6HOOHQ DQG +DUSHU  3DSHU KDV EHHQ YHU\ PXFK DW WKH FHQWUH RI
FROODERUDWLYHZRUNGXH WR LWV DIIRUGDQFHV)LUVW LWVXVHFDQEHHDVLO\ LQWHUZRYHQZLWKRWKHU
DFWLYLWLHV6HFRQGSDSHUDOORZVIRUHDV\GLUHFWPDUNLQJYLHZLQJRILQIRUPDWLRQDWDJODQFH
DQGIOH[LELOLW\ LQVSDWLDO OD\RXW WRGUDZDWWHQWLRQ WRSDUWLFXODUSLHFHVRI LQIRUPDWLRQ6HOOHQ
DQG +DUSHU  7KLUG SDSHU FDQ SURYLGH ODUJH LQH[SHQVLYH KLJKUHVROXWLRQ GLVSOD\
VXUIDFHV*XLPEUHWLqUH,QDGGLWLRQSDSHULVDSULPDU\PHDQVRIFDSWXULQJLQIRUPDWLRQ
IRU PRVW SHRSOH GXH WR LWV SRUWDELOLW\ WDQJLELOLW\ XELTXLW\ DQG IDPLOLDULW\ 1HZPDQ DQG
:HOOQHU6WLIHOPDQ*XLPEUHWLqUH
2QWKHIOLSVLGHSDSHULVDVWDWLFPHGLXPWKDWLVGLIILFXOWWRHGLWVHDUFKRULQGH[LVH[SHQVLYH
WRGXSOLFDWHDQGGLVWULEXWHDQGLVH[SHQVLYHWRDUFKLYH*XLPEUHWLqUH$OWKRXJKZHOO
VXLWHG WR FROORFDWHG LQWHUDFWLRQ SDSHU FDQQRW VXSSRUW LQVWDQWDQHRXV UHPRWH FRPPXQLFDWLRQ
'H5HQ]L HW DO  *DQHVDQ HW DO  ,W LV GRZQ WR VXFK OLPLWDWLRQV WKDW PRELOH
WHFKQRORJLHV VXFK DV PRELOH SKRQHV KDYH LQFUHDVLQJO\ EHFRPH LQWHJUDWHG LQWR SHRSOH¶V
EXVLQHVVDQGVRFLDOOLYHV
0RELOH3KRQHV$IIRUGDQFHVDSSOLFDWLRQLQKHDOWKFDUHDQGOLPLWDWLRQV
7KH DSSOLFDWLRQ RI PRELOH WHFKQRORJ\ WR KHDOWKFDUH LV FRPPRQO\ UHIHUUHG WR DV P+HDOWK
,VWHSDQLDQ HW DO 0RELOH SKRQHV KDYH EHHQZLGHO\ DSSOLHG LQP+HDOWK GXH WR WKHLU
XELTXLW\ DQG VXLWDELOLW\ WR DUHDV ZLWK JHQHUDOO\ SRRU HOHFWULFLW\ LQIUDVWUXFWXUH 6KR]L HW DO
,QDGGLWLRQFRPSDUHGWRSDSHUPRELOHSKRQHDSSOLFDWLRQVFDQVXSSRUW LQVWDQWDQHRXV
UHPRWHGDWDFRPPXQLFDWLRQ'H5HQ]LHWDO*DQHVDQHWDO7KHXVHRIPRELOH
SKRQHV WR VHQGGDWD WR UHPRWH VHUYHUVPD\ DOVR UHGXFH WUDQVSRUWDWLRQFRVWV WKHQXPEHURI
GDWDHQWU\VWDJHVDQGUHODWHGWUDQVFULSWLRQHUURUVDQGGDWDHQWU\ZRUNORDGIRU WKRVHFKDUJHG
ZLWK FRQVROLGDWLRQ RI UHSRUWV 'H5HQ]L HW DO  *DQHVDQ HW DO  )XUWKHUPRUH
PRELOHSKRQHDSSOLFDWLRQVIRUGDWDFROOHFWLRQPD\KDYHORJLFIRUGDWDYDOLGDWLRQHPEHGGHGWR
HQKDQFHGDWDTXDOLW\'H5HQ]LHWDO
+RZHYHUMXVWDVZLWKSDSHUWKHDSSOLFDWLRQRIPRELOHSKRQHVVROXWLRQVLVQRWXQSUREOHPDWLF
.QRZQFKDOOHQJHV LQFOXGH VPDOO VFUHHQ VL]HVDQG LQFRQYHQLHQW WH[W LQSXWHYHQIRUGHYLFHV
ZLWK 4:(57 NH\ERDUGV 6KXGRQJ DQG +LJJLQV  0DLQWHQDQFH DQG RSHUDWLRQ RI
KDQGVHWV FDQ DOVR EH FKDOOHQJLQJ GXH WR HQGXVHUV¶ ODFN RI IDPLOLDULW\ZLWK HOHFWURQLF GDWD
VXEPLVVLRQ'H5HQ]LHWDO*DQHVDQHWDO2IWHQ WKHUHDUHDOVRGLIILFXOWLHVLQ
OHYHUDJLQJIUDJPHQWHGVRIWZDUHSODWIRUPVGXHWRWKHLQFUHDVHGRYHUKHDGRIFRRUGLQDWLRQDQG
FRPPXQLFDWLRQ 'H5HQ]LHW DO7KH VKDULQJRISKRQHVZKHUHQHHGEHPD\DOVREH
SUREOHPDWLF 0RELOH SKRQHV DUH SHUVRQDO GHYLFHV E\ GHVLJQ DQG DOVR LQ KRZ WKH\ UHQGHU
WKHPVHOYHV WR XVH -RQHV DQG0DUVGHQ  %DOODUG  &RPSDUHG WR SDSHU PRELOH
SKRQHV DUHPRUH FXPEHUVRPH DW VXSSRUWLQJ WDVNV VXFK DV QRWH WDNLQJ -RQHV DQG0DUVGHQ
)LQDOO\ZKLOHSHQDQGSDSHUGRZLWKRXWHOHFWULFLW\PRELOHSKRQHVUHTXLUHHOHFWULFLW\
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ϱ

IRUFKDUJLQJEDWWHULHV&RQVLGHULQJWKHDIIRUGDQFHVDQGOLPLWDWLRQVRIERWKSDSHUDQGPRELOH
SKRQHVZHDUJXHWKDWLWLVZRUWKZKLOHXVLQJWKHWHFKQRORJLHVLQDFRPSOHPHQWDU\PDQQHUWR
VXSSRUWZRUNSUDFWLFHV
7HFKQRORJ\HQDFWPHQWDQGRUJDQLVDWLRQDOFKDQJH
,W LV H[SHFWHG WKDW RUJDQL]DWLRQVZLOO FRQWLQXH WR FKDQJH DVQHZJHQHUDWLRQVRI LQIRUPDWLRQ
WHFKQRORJ\HPHUJH+RZHYHU WKHHQJDJHPHQWEHWZHHQ WHFKQRORJ\DQGRUJDQL]DWLRQV LVQRW
XQLGLUHFWLRQDOZKHUHRQO\ WHFKQRORJ\ VKDSHVRUJDQL]DWLRQV5DWKHU LQIRUPDWLRQ WHFKQRORJ\
DQGRUJDQL]DWLRQV HQJDJHGLDORJLFDOO\ZLWK HDFK DIIHFWLQJ DQG WUDQVIRUPLQJ WKHRWKHU LQDQ
HPHUJHQW IDVKLRQ -RQHV  5REH\ DQG %RXGUHDX  )RXQWDLQ  $DUWV HW DO
 %H\RQG WHFKQRORJLFDO FDSDELOLWLHV WHFKQRORJ\ VXSSRUWHG RUJDQL]DWLRQDO FKDQJH
UHTXLUHVSHRSOHZKRDUHZLOOLQJWRXWLOL]HWHFKQRORJ\LQSDUWLFXODUZD\V7KHUHLVDOVRQHHGIRU
QHZ SURFHVVHV EHKDYLRXUV DQG  UXOHV RQ KRZ WKLQJV DUH GRQH )RXQWDLQ  0DUNXV
 ,Q WKH HQG WHFKQRORJ\ HQDFWPHQW LV D FRPELQDWLRQ RI WHFKQRORJ\ GHVLJQ DQG
LPSOHPHQWDWLRQWRJHWKHUZLWKVWDNHKROGHUV¶SHUFHSWLRQDQGUHIOHFWLYHXVHRIWHFKQRORJ\ZLWKLQ
JLYHQ VRFLRPDWHULDO FRQGLWLRQV ZKLFK DUH ERWK FRQWH[W DQG RXWFRPHV RI WKLV LQWHUDFWLRQ
)RXQWDLQ2UOLNRZVNL5RVHDQG-RQHV$FWLYLWLHVXQGHUWDNHQLQHQDFWLQJ
WHFKQRORJ\ FDQ EH FRQVLGHUHG DV EULGJH EXLOGLQJ EHWZHHQ H[SHULPHQWDO DQG SURGXFWLRQ
V\VWHPVRUGHVLJQLQWHQWVDQGXVHUUHTXLUHPHQWV5LEHVDQG)LQKROW
3HRSOH FDQ LQGLYLGXDOO\ RU FROODERUDWLYHO\ HQDFW WHFKQRORJLHV LQ GLIIHUHQW ZD\V ZKLFK
SURGXFHQRYHODQGXQDQWLFLSDWHGFRQVHTXHQFHV%RXGUHDXDQG5REH\5HVXOWLQJIURP
WKLV WKH DELOLW\ RI LQIRUPDWLRQ WHFKQRORJLHV WR HQDEOH UDGLFDO FKDQJH PD\ EH OLPLWHG LI
LQIRUPDWLRQ WHFKQRORJLHV DUH HQDFWHG LQZD\V WKDW ZHUH XQLQWHQGHG %RXGUHDX DQG 5REH\
3HQWODQGDQG)HOGPDQ$FNHUPDQHWDO7HFKQRORJ\LQWXUQPD\VKDSH
KXPDQ DFWLRQ DV ZHOO DV RUJDQL]DWLRQV DQG LQVWLWXWLRQV WR EHWWHU FRQIRUP WR LWV ORJLF
)RXQWDLQ  5RVH DQG -RQHV  2YHUDOO RXWFRPHV RI VXFK LQWHUSOD\ DUH QRW
VHTXHQWLDO DQG GLUHFW EXW FRPSOH[ HPHUJHQW DQG ZLWK XQSUHGLFWDEOH )RXQWDLQ 
$UQROG-DUYHQSDDDQG/DQJ5RVHDQG-RQHV
$SSURDFKLQJ7KHRUL]LQJRI7HFKQRORJ\(QDFWPHQW
7KHRUHWLFDOXQGHUVWDQGLQJRI WHFKQRORJ\HQDFWPHQW LV LPSRUWDQW LQRUGHU WRXQGHUVWDQGKRZ
SDUWLFXODU WHFKQRORJLHV DUH LPSOLFDWHG LQ RUJDQL]DWLRQDO FKDQJH )RXQWDLQ  0DUNXV
5RVH DQG -RQHV  -DPLVRQ HW DO  7KHRUL]DWLRQ RI WHFKQRORJ\ HQDFWPHQWV
VKRXOG DFFRXQW IRU L SURSHUWLHV RI KXPDQ DQG PDWHULDO DJHQF\ LL WKH VRFLRWHFKQLFDO
FRQGLWLRQV IRU KXPDQWHFKQRORJ\ LQWHUDFWLRQZKLFK DUHERWK FRQWH[WDQGRXWFRPHVRI VXFK
LQWHUDFWLRQ 5RVH DQG -RQHV  LLL WKHSURFHVV RI KXPDQWHFKQRORJ\ LQWHUDFWLRQ RYHU
WLPHDVPHGLDWHGE\H[LVWLQJDQGHPHUJHQWVRFLRWHFKQLFDOFRQWH[W)RXQWDLQ5RVHDQG
-RQHV  )LJXUH  GHSLFWV D IUDPHZRUN IRU DQDO\VLQJ VLWXDWHG KXPDQWHFKQRORJ\
LQWHUDFWLRQEDVHGRQWKHVHWKUHHHOHPHQWV

)LJXUH+XPDQ7HFKQRORJ\,QWHUDFWLRQ±$GDSWHGIURP5RVHDQG-RQHV
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ϲ

+HUHWHFKQRORJ\LVYLHZHGDV³DQLQJUHGLHQWLQDPRUHFRPSOH[SURFHVVRIVRFLDOFKDQJHLQ
ZKLFK IRUFHV IRU WUDQVIRUPDWLRQ DUH IUHTXHQWO\ RIIVHW E\ IRUFHV RI SHUVLVWHQFH´ 5REH\ DQG
%RXGUHDXSS7KXV WHFKQRORJ\FDQVLPXOWDQHRXVO\VXSSRUW WKHIRUFHVRIHLWKHU
SHUVLVWHQFH RU WUDQVIRUPDWLRQ LELG %HLQJ RSHQ WR VXFK LURQ\ DOORZV DFFHVV WKURXJK
HPSLULFDOREVHUYDWLRQ WR WKH UHFRQVWLWXWLYHTXDOLWLHVRI WHFKQRORJ\UDWKHU WKDQ WHFKQRORJ\¶V
LQVWUXPHQWDOTXDOLWLHV5REH\DQG%RXGUHDX$UQROG
$FFRXQWLQJIRUWKHIDFWRUVGHSLFWHGLQILJXUHSHUPLWVXQGHUVWDQGLQJRILWKHLQIOXHQFHRI
ERWK OHJDF\ V\VWHPV DQG D GHFLVLRQ PDNHU¶V SHUFHSWLRQ RI FKDOOHQJHV UHODWLQJ WR H[LVWLQJ
OHJDF\V\VWHPVLLWKHLQIOXHQFHRIERWKGHFLVLRQPDNHUVDQGQHZLQIRUPDWLRQWHFKQRORJLHV
RQ WKH WUDMHFWRU\ RI WKH RUJDQL]DWLRQ LLL ³WKH HPHUJHQW SURFHVV RI WKH LPSOHPHQWDWLRQ DV
RUJDQL]DWLRQPHPEHUVVWUXJJOHWRDGDSWWKHQHZV\VWHPWRWKHLULQGLYLGXDOSXUSRVHVDQGXVH
WKHRSSRUWXQLWLHVLWSUHVHQWVWRIXUWKHUWKHLURZQLQWHUHVWV´5RVHDQG-RQHVSSLY
QHZ VHWV RI RUJDQL]DWLRQDO VLWXDWLRQV DQG SRVVLELOLWLHV EURXJKW DERXW E\ WKH FRPELQHG
LQIOXHQFH RI WHFKQRORJLFDO VROXWLRQV DQG WKHLU KXPDQ VWDNHKROGHUV LELG ,Q DGGLWLRQ
XQGHUVWDQGLQJRIWHFKQRORJLFDOSDUDGR[HVPD\KHOSLQWKHGHYHORSPHQWRIVROXWLRQVWKDWRIIHU
DPRUHEDODQFHGXVHUH[SHULHQFH-DUYHQSDDDQG/DQJ
0HWKRGRORJ\
7KLV SDSHU LV EDVHG RQ D FDVH VWXG\ RI WZR UHODWHG SLORWV H[SORULQJ WKHSRVVLELOLW\ RI XVLQJ
PRELOH SKRQH VROXWLRQV WR VXSSRUW URXWLQH KHDOWK GDWD UHSRUWLQJ EHWZHHQ SULPDU\ KHDOWK
IDFLOLWLHV DQG D GLVWULFW KHDOWK RIILFH LQ0DODZL7KH IRUPDO KHDOWKFDUH VHWXS LV D WKUHHWLHU
V\VWHP FRPSULVLQJ SULPDU\ VHFRQGDU\ DQG WHUWLDU\ OHYHOV RI FDUH 7KH SULPDU\ OHYHO
FRPSULVHV SULPDU\ KHDOWK IDFLOLWLHV DQG FRPPXQLW\EDVHG SUHYHQWLYH DQG FXUDWLYH KHDOWK
VHUYLFHVGHOLYHU\,QWKLVVHWXSFRPPXQLW\OHYHOVHUYLFHVDUHSURYLGHGXQGHUWKHVXSHUYLVLRQ
RI KHDOWK IDFLOLWLHV+HDOWK IDFLOLWLHV UHSRUW WR GLVWULFW KHDOWK RIILFHVZKLFK LQ WXUQ UHSRUW WR
]RQHKHDOWKRIILFHVDQGWKH0LQLVWU\RI+HDOWKKHDGTXDUWHUV5HSRUWLQJIUHTXHQFLHVUDQJHIURP
ZHHNO\WRTXDUWHUO\GHSHQGLQJRQKHDOWKSURJUDPPHVSHFLILFDWLRQV'DWDUHSRUWLQJEHWZHHQ
KHDOWKIDFLOLWLHVDQGGLVWULFWKHDOWKRIILFHVKDVWUDGLWLRQDOO\EHHQSDSHUEDVHG3UHYLRXVHIIRUWV
WRLPSOHPHQWGLJLWDOKHDOWKPDQDJHPHQWLQIRUPDWLRQV\VWHPVPDLQO\WDUJHWHGWKHGLVWULFWOHYHO
DQGXS7KHVWXG\UHSRUWHGKHUHLQZDVFRQGXFWHGXQGHUWKH/LORQJZH'LVWULFW+HDOWK2IILFH
DFURVVVHYHQWHHQKHDOWKIDFLOLWLHVZKLFKIDOOXQGHUWZRKHDOWKDUHDRIILFHV+HDOWKDUHDRIILFHV
DUHDQDGPLQLVWUDWLYHOHYHOEHWZHHQGLVWULFWKHDOWKRIILFHVDQGKHDOWKIDFLOLWLHVDQGDUHXQLTXH
WR/LORQJZH2QHRIWKHSDUWLFLSDWLQJKHDOWKDUHDVKDGDOOLWVKHDOWKIDFLOLWLHVORFDWHGLQUXUDO
DUHDVZKHUHURDGVDUHXQSDYHGDQGSURQHWRSRRUPRELOLW\GXULQJWKHUDLQ\VHDVRQ7KHRWKHU
KHDOWKDUHDKDGDUXUDOXUEDQEOHQGLQWKHGLVWULEXWLRQRIKHDOWKIDFLOLWLHV
7KHWZRSLORWVGLVFXVVHGKHUHLQDUHEDVHGRQ'+,60RELOHKHQFHIRUWKUHIHUUHGWRDV'+,6P
DQGUXQRQ1RNLD&IHDWXUHSKRQHV'+,6PLVDQLQWHJUDOPRGXOHRI'+,6DVHUYHU
VLGH VROXWLRQ IRU DJJUHJDWH GDWD PDQDJHPHQW DQG DQDO\VLV '+,6P SURYLGHV IXQFWLRQDOLW\
VXSSRUWLQJWKHXVHRIPRELOHGHYLFHVIRUGDWDFRPPXQLFDWLRQZLWK'+,62IWKHWZRSLORWV
RQHUXQVDSKRQHEURZVHURSWLPL]HG'+,6PVROXWLRQDQGWKHRWKHUD-0(FOLHQWDSSOLFDWLRQ
LQVWDOOHGRQHQGXVHUV¶SKRQHV
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
)LQGLQJV SUHVHQWHG KHUHLQ DUH ODUJHO\ FHQWUHG RQ VWDJHV DQG SUDFWLFHV UHJDUGLQJ RQH UHSRUW
+0,6 ZKLFK FDSWXUHV GDWD DFURVV D UDQJH RI KHDOWKFDUH VHUYLFHV DQG RWKHU PDWWHUV RI
FRQFHUQ,QDGGLWLRQSUDFWLFHVDURXQGRWKHUUHSRUWVVXFKDVWKHLQWHJUDWHGGLVHDVHVXUYHLOODQFH
DQG UHVSRQVH ,'65SURJUDPPHDUHGUDZQXSRQ$W WKH VWDUW RI WKLV VWXG\+0,6GDWD
ZDVPDLQWDLQHGXVLQJ'+,6DGHVNWRSVRIWZDUHVROXWLRQXVHGDWGLVWULFWDQG0LQLVWU\RI
+HDOWKOHYHOV+RZHYHUHIIRUWVZHUHXQGHUZD\WRPLJUDWHWR'+,63DUWLFLSDQWVLQWKHSLORWV
FRPSULVHG D KHWHURJHQHRXV JURXS RI SHUVRQQHO VWDWLRQHG DW GLIIHUHQW DGPLQLVWUDWLYH OHYHOV
ULJKW IURP KHDOWK IDFLOLWLHV WR WKH0LQLVWU\ RI+HDOWK KHDGTXDUWHUV 7KLV JURXSLQJ LQFOXGHG
FOLQLFDO RIILFHUV KHDOWK VXUYHLOODQFH DVVLVWDQWV VWDWLVWLFDO FOHUNV VWDWLVWLFLDQV UHVSRQVLEOH IRU
+0,6DQG,'65PDQDJHUVDWKHDOWKDUHDGLVWULFWDQGPLQLVWU\OHYHO3KRQHVZHUHRQO\
SURYLGHGWRVWDIIDWKHDOWKIDFLOLW\OHYHOUHVSRQVLEOHIRUWDUJHWHGUHSRUWV
7KH FDVH VWXG\ VWUDWHJ\ ILWV RXU VWXG\ EHFDXVH LW VXSSRUWV H[SORUDWLYH LQYHVWLJDWLRQV RI
LQWHUDFWLRQVEHWZHHQLQIRUPDWLRQWHFKQRORJ\UHODWHG LQQRYDWLRQVDQGRUJDQL]DWLRQDOFRQWH[WV
%HQEDVDW HW DO  'DUNH HW DO  7KH DSSURDFK DOORZV LQGHSWK PXOWLIDFHWHG
H[SORUDWLRQV RI FRPSOH[ LVVXHV LQ WKHLU UHDOOLIH VHWWLQJV DQG GHYHORSPHQW RI WKLFN
GHVFULSWLRQVRISKHQRPHQD WRDLG WKHRUL]LQJ:DOVKDP'DUNHHWDO&URZHHW
DO7KLVLVEHFDXVHWKHFDVHVWXG\DSSURDFK³OHQGVLWVHOIZHOOWRFDSWXULQJLQIRUPDWLRQ
RQPRUHH[SODQDWRU\
KRZ
 
ZKDW
DQG
ZK\
TXHVWLRQVVXFKDV
KRZLVWKHLQWHUYHQWLRQEHLQJ
LPSOHPHQWHGDQGUHFHLYHGRQWKHJURXQG"
´&URZHHWDOSS7KHRUL]LQJRIKXPDQ
WHFKQRORJ\ LQWHUDFWLRQ KHUHLQ PDNHV VLJQLILFDQW XVH RI WKLFN GHVFULSWLRQV WR XSOLIW
SDUWLFXODULWLHVRIDUWHIDFWVZRUNSUDFWLFHVDQGFRQWH[W)XUWKHUPRUH WKHDSSURDFKDOORZVXV
WRPDNHVHQVHRIRWKHUSHRSOHVLQWHUSUHWDWLRQVRILPSOHPHQWHGWHFKQRORJLHV
'DWDFROOHFWLRQ
'DWDZHUH FROOHFWHG WKURXJKVHPLVWUXFWXUHG LQWHUYLHZV IRFXVJURXSGLVFXVVLRQVGRFXPHQW
DQDO\VHVLQIRUPDOFKDUWVZLWKGLIIHUHQWVWDNHKROGHUVDQGDVSDUWRIWHFKQLFDOVXSSRUWUHQGHUHG
WR HQGXVHUV 6HPLVWUXFWXUHG LQWHUYLHZVZHUH FRQGXFWHG WR JHW L EDVHOLQH GDWDRQ SDSHU
EDVHG GDWD UHSRUWLQJ SUDFWLFHV LL SHUVSHFWLYHV RI PDQDJHUV DQG HQGXVHUV RQ WKH SODQQHG
SLORWV LLL H[SHULHQFHVRIHQGXVHUV DQGPDQDJHUV UHJDUGLQJ WKHSLORWV&DWHJRULHVRI XVHUV
LQWHUYLHZHGLQFOXGHGWKHDERYHPHQWLRQHGPHPEHUVRIVWDIIZRUNLQJDWKHDOWKIDFLOLW\OHYHOD
GLVWULFWQXUVLQJRIILFHU WKUHHWHFKQLFDODVVLVWDQWVVXSSRUWLQJ'+,6DQG'+,6PSLORWVRQH
VWDWLVWLFLDQ DQG WKH GHSXW\ GLUHFWRU ZRUNLQJ XQGHU WKH &HQWUDO 0RQLWRULQJ DQG (YDOXDWLRQ
'LYLVLRQ&0('RIWKH0LQLVWU\RI+HDOWK0R+
7DEOH.H\LQIRUPDQWVLQ0DODZL
)RFXVJURXSGLVFXVVLRQVZHUHFRQGXFWHGDVSDUWRIIRXUWUDLQLQJVHVVLRQVWKUHHRIZKLFKZHUH
RQ WKH'+,6P VROXWLRQV XQGHU SLORW DQG WKH RWKHU RQ'+,6  LQ JHQHUDO )RXUPRUH IRFXV
JURXS GLVFXVVLRQVZHUH FRQGXFWHG DV SDUW RI'+,6P UHYLHZPHHWLQJVZLWKLQ SDUWLFLSDWLQJ
KHDOWK DUHDV 3DUWLFLSDQWV LQ IRFXV JURXS GLVFXVVLRQVPDLQO\ LQFOXGHG WKH DERYHPHQWLRQHG
VWDII ZRUNLQJ DW KHDOWK IDFLOLW\ KHDOWK DUHD RIILFH DQG GLVWULFW KHDOWK RIILFHV OHYHOV 3DSHU
EDVHG UHJLVWHUVDQG UHSRUW IRUPVZHUH WKHPDLQ VRXUFHVRI GRFXPHQWDWLRQ UHYLHZHG IRU WKLV
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
VWXG\ ,Q DGGLWLRQ SXEOLFDWLRQV RQ KHDOWK PDQDJHPHQW LQIRUPDWLRQ V\VWHPV LQ 0DODZL
&KDXODJDLHWDO+DPUHDQG.DDVE¡OO.DQMRHWDOZHUHUHYLHZHG
'DWD$QDO\VLV
'DWD ZHUH DQDO\VHG E\ IROORZLQJ DFWLYLWLHV XQGHUWDNHQ DW YDULRXV VWDJHV RI GDWD UHSRUWLQJ
FRPSLODWLRQ WUDQVSRUWDWLRQ GLJLWL]DWLRQ DQG GHOLYHU\ RI IHHGEDFN ,Q GRLQJ WKLV ZH
FRQVLGHUHG KRZ DIIRUGDQFHV *LEVRQ  RI DUWHIDFWV VXFK DV PRELOH SKRQH VROXWLRQV
SDSHUDQGGHVNWRSFRPSXWHUVDIIHFWHGWKHLUDSSOLFDWLRQLQVXSSRUWRIRQJRLQJDFWLYLWLHV)RU
H[DPSOHWKHFRPSLODWLRQRIDQ+0,6GLVFXVVHGLQWKHQH[WVHFWLRQEXLOWRQSDSHUUHSRUWV
IURPGLIIHUHQWGHSDUWPHQWV,QDQDO\VLQJUHSRUWFRPSLODWLRQZHWKHUHIRUHFRQVLGHUHGZKHWKHU
JLYHQWKHLUVPDOOVFUHHQVL]HVDYDLODEOHPRELOHSKRQHVFRXOGVXSSRUWFROODERUDWLYHSUDFWLFHV
DURXQG UHSRUW FRPSLODWLRQ EHWWHU WKDQ $VL]HG SDSHU UHJLVWHUV DQG $VL]HG UHSRUW IRUPV
:LWK UHJDUG WR UHPRWH GDWD FRPPXQLFDWLRQ ZH FRQVLGHUHG DFWLRQ SRVVLELOLWLHV DIIRUGHG E\
SDSHU DQG PRELOH SKRQH VROXWLRQV 2XU GDWD DQDO\VLV DOVR GUDZV XSRQ WKH FRQFHSWV RI
WHFKQRORJ\ HQDFWPHQW )RXQWDLQ  5RVH DQG -RQHV  PRELOLW\ /XII DQG +HDWK
 :HLOHQPDQQ  7KH FRQFHSW RI PRELOLW\ KDV EHHQ HPSOR\HG WR GHPRQVWUDWH
VLWXDWLRQVZKHUH WKH XVH RI SDSHU DQGPRELOH SKRQHV LV UHOHYDQW DVZHOO DV WKHPDQQHU LQ
ZKLFKLPSOHPHQWHGPRELOHSKRQHVROXWLRQVDUHXVHG
)LQGLQJV
7KH +0,6 UHSRUW FDSWXUHV GDWD RQ PXOWLSOH DVSHFWV RI KHDOWK VHUYLFH GHOLYHU\ DQG
PDQDJHPHQW VHH ILJXUH  LQFOXGLQJ IDPLO\ SODQQLQJ FKLOG KHDOWK 7XEHUFXORVLVPHGLFDO
VXSSOLHV ILQDQFH SK\VLFDO IDFLOLWLHV PDQDJHPHQW DQG VXSHUYLVLRQ DGPLVVLRQV LQSDWLHQW
GHDWKVFRPPXQLW\KHDOWKDFWLYLWLHVDQGKXPDQUHVRXUFHVDWZRUN7KHVHVHUYLFHVDUHVSUHDG
DFURVVVHUYLFHGHSDUWPHQWV


)LJXUH$QH[WUDFWRIWKH+0,6UHSRUWLQJIRUP

%DVHGRQWKHPXOWLSOLFLW\RIVHUYLFHGHSDUWPHQWVLQYROYHGGDWDWKDWIHHGVLQWRWKH+0,6
UHSRUWDUHVSUHDGDFURVVGLIIHUHQWSDSHUUHJLVWHUV
+0,65HSRUW&RPSLODWLRQ
&RPSLODWLRQRI WKH+0,6 UHSRUW GHPDQGVFROODERUDWLRQDFURVV VHUYLFHGHSDUWPHQWV7KH
FRQYHUVDWLRQ SUHVHQWHG EHORZ H[HPSOLILHV DQ +0,6 UHSRUW FRPSLODWLRQ SURFHVV 7KH
WUDQVFULSW LV D WUDQVODWLRQ IURP D SKRQH LQWHUYLHZ EHWZHHQ WKH ILUVW DXWKRU DQG D 6WDWLVWLFDO
&OHUN DW RQH KHDOWK IDFLOLW\ 7KH LQWHUYLHZ ZDV PRVWO\ FRQGXFWHG LQ &KLFKHZD D ORFDO
ODQJXDJH

$XWKRU ,ZDQWHGWRNQRZKRZLVFRPSLODWLRQRIWKH+0,6IRUPGRQHDW\RXUKHDOWK
IDFLOLW\"
5HVSRQGHQW ><RXPHDQ@WKHZD\ZHGRLW"
$XWKRU <HV
5HVSRQGHQW )LUVWZHFRPSLOHRWKHUUHSRUWV,KDYHWRFRPSLOH>WKH@+7&+,9WHVWLQJDQG
FRXQVHOOLQJ>UHSRUW@FRPSLOH>WKH@DQWHQDWDO>UHSRUW@FRPSLOH>WKH@PDWHUQLW\
>UHSRUW@DQGDOVRFRPSLOHWRWDOVIRU23'2XWSDWLHQWGHSDUWPHQW
$XWKRU 2N
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ϵ

5HVSRQGHQW 'DWDIRUHDFKVHFWLRQEHLW+7&DQWHQQDO>FDUH@23'RU0&+0DWHUQDODQG
&KLOG +HDOWK LV DYDLODEOH DW WKDW SRLQW 7KDW LV ZKHQ RQH FDQ FRPSLOH WKH
+0,6>UHSRUW@2WKHUZLVHRQHFDQQRWFRPSLOHWKH+0,6UHSRUWZLWKRXW
WKHVHRWKHUUHSRUWV
$XWKRU 2N6RDUH\RXUHVSRQVLEOHIRUFRPSLOLQJDOOWKRVHUHSRUWV\RXKDYHPDGH
PHQWLRQRI"
5HVSRQGHQW <HVH[FHSWIRUIDPLO\SODQQLQJREVWHWULFV+7&SOXV0&+7KHVHDUHGRQHE\
WKHIRFDOSHUVRQV%XW,GRWKHIROORZLQJUHSRUWVP\VHOIPDWHUQLW\DQWHQDWDO
>FDUH@DQG23'
$XWKRU +RZGR\RXOLDLVHZLWKWKHIRFDOSHUVRQVXQWLOVXFKDSRLQWZKHQ\RXDUHGRQH
SUHSDULQJWKH+0,6UHSRUWGR\RXMXVWVHQGWKHPWKHUHSRUWLQJIRUPRU\RX
ZRUNWRJHWKHU"
5HVSRQGHQW 1R LW¶V WHDPZRUN , JR WR HYHU\RQH DQG SROLWHO\ DVN WKHP WR FRPSLOH WKHLU
UHSRUWV RQ WLPH VR WKDW ZH FDQ VHQG WKH UHSRUWV , WHOO WKLV WR WKH SHRSOH
UHVSRQVLEOHIRUIDPLO\SODQQLQJ+7&DQGHYHU\RQHHOVH0HDQZKLOH,ZRUNRQ
RWKHU WKLQJV >UHSRUWV@:KHQHYHU\RQHKDVFRPSLOHG WKHLU UHSRUWVGDWD LV WKHQ
H[WUDFWHGRQWRWKH+0,6>UHSRUW@DIWHUZKLFKWKHUHSRUWLVFRPSOHWHG$IWHU
LW>WKH+0,6UHSRUW@KDVEHHQFRPSOHWHGLWLVKDQGHGRYHUWRWKHRIILFHULQ
FKDUJH IRUDSSURYDO$IWHU KHKDVJLYHQKLV DSSURYDO WKH UHSRUW LV VHQW WR WKH
GLVWULFWKHDOWKRIILFH
$XWKRU :LWKUHJDUGWRH[WUDFWLQJGDWDIURPRWKHUUHSRUWVRQWRWKH+0,6UHSRUWDUH
\RXVROHO\UHVSRQVLEOHIRU WKDWRU\RXJLYHWKH+0,6UHSRUWIRUPWRRWKHUV
IRUWKHPWRILOOLQUHTXLUHGGDWDRUWKH\MXVWSDVV\RXWKHLUIRUPVIRU\RXWRJHW
WKHGDWD\RXUVHOI"
5HVSRQGHQW 1R WKH+0,6 UHSRUW >IRUP@ LVQRWFLUFXODWHG DFURVVDOO WKHVHGHSDUWPHQWV
7KH\DOOVHQGPHWKHLUUHSRUWVDIWHUZKLFK,WUDQVIHUWKHUHTXLUHGGDWDRQWRWKH
+0,6>UHSRUWIRUP@
$XWKRU 2N6RKRZPDQ\UHJLVWHUVGR\RXXVHZKHQFRPSLOLQJWKH+0,6UHSRUWLV
LWRQHRUVHYHUDO"
5HVSRQGHQW 7KHUHDUHD ORWRI UHJLVWHUV)RUH[DPSOH WRFRPSOHWH WKH VHFWLRQRQPDWHUQDO
VHUYLFHVWZRUHJLVWHUVDUHXVHG±DQDQWHQDWDOUHJLVWHUDQGDPDWHUQLW\UHJLVWHU
:KHQRQHKDVWKRVHWZRWKHQLWLVSRVVLEOHWRILOOLQ>GDWDIRU@WKDWEORFN7KHUH
DUHRWKHUUHJLVWHUVDOVRIDPLO\SODQQLQJIRUH[DPSOH
7KH FRQYHUVDWLRQ DERYH GHPRQVWUDWHV WKH FROODERUDWLYH QDWXUH RI +0,6 UHSRUW
FRPSLODWLRQ ZKLFK UHTXLUHV PRELOL]DWLRQ RI GLIIHUHQW VWDNHKROGHUV DFURVV VHUYLFH
GHSDUWPHQWVDQGSDSHUUHJLVWHUVDQGIRUPV2QFHILQDOLVHGWKHUHSRUWKDVWREHVLJQHGRIIE\
DQRIILFHULQFKDUJHEHIRUHVXEPLVVLRQWRWKH'LVWULFW+HDOWKRIILFHZLWKFRSLHVVXEPLWWHGWR
KHDOWK DUHDRIILFHV2IILFHUVHLWKHU WUDQVSRUW UHSRUWV WKHPVHOYHV RU VHQG WKHP WKURXJK RWKHU
SHRSOHSDWLHQWVDPEXODQFHGULYHUVHWF
&RQFHUQVZLWK3DSHUEDVHG5HSRUWLQJ
2XUHPSLULFDOLQYHVWLJDWLRQLGHQWLILHGILYHPDLQFKDOOHQJHVZLWKSDSHUEDVHGUHSRUWLQJ)LUVW
WUDQVSRUWDWLRQRISDSHUEDVHGLV LQFUHDVLQJO\GLIILFXOWGXULQJWKHUDLQ\VHDVRQDVPRVWURDGV
DUHXQSDYHG6HFRQGPHPEHUVRIVWDIILQGLFDWHGWKDWWKH\DUHH[SHFWHGWRILQDQFHWULSVWRWKH
GLVWULFWKHDOWKRIILFH '+2IRU UHSRUWVXEPLVVLRQ7KLUGVWDIIDW UXUDOKHDOWKIDFLOLWLHVDOVR
LQGLFDWHG WKDW D URXQG WULS WR WRZQZKHUH WKH'+2LV ORFDWHG WDNHVDQHQWLUHGD\$QRWKHU
FKDOOHQJHLVWKDWDOWKRXJKDPEXODQFHGULYHUVDUHFRQVLGHUHGDFRQYHQLHQWPHDQVIRUVHQGLQJ
UHSRUWV WR WKH'+2 WKHUHKDYHEHHQFDVHVZKHUH UHSRUWV UHPDLQHGXQGHOLYHUHG IRUPRQWKV
)LQDOO\ KDQGOLQJ GDWD HQWU\ IRU DOO KHDOWK IDFLOLWLHV LV EXUGHQVRPH IRU DVVLVWDQW VWDWLVWLFLDQV
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ϭϬ

ZRUNLQJDWGLVWULFWOHYHO7KHFRQYHUVDWLRQEHORZH[HPSOLILHVVRPHRIWKHVHFKDOOHQJHVZLWK
WUDQVSRUWDWLRQRIUHSRUWVFRPLQJRXWDVDPDMRUFKDOOHQJH7KHFRQYHUVDWLRQLVDQH[WUDFWRID
IRFXVJURXSGLVFXVVLRQUHJDUGLQJWUDQVSRUWDWLRQRISDSHUUHSRUWVEHWZHHQKHDOWKIDFLOLWLHVDQG
/LORQJZH'+27KH GLVFXVVLRQ WRRN SODFH LQ LQ0DUFK 7KH FRQYHUVDWLRQ FHQWUHG RQ
,'65UHSRUWLQJEXWRIILFHUVUHVSRQVLEOHIRU+0,6UHSRUWLQJZHUHSDUW\WRWKHGLVFXVVLRQ
DQG H[SUHVVHG VLPLODU VHQWLPHQWV

)DFLOLWDWRU 'RHVDQ\RQHQRWGRUHSRUWVHYHU\PRQWK"
,'652IILFHU <HDK WKHUHDUHVRPHIDFLOLWLHVZKRSUREDEO\ZHDUH WKLQNLQJ WKDWPD\EH
WKH\ KDYH MXVW FORVHG WKH IDFLOLW\ >DQG KH ODXJKV D ELW@ ,Q RWKHU ZRUGV
PD\EH WKH\ KDYH MXVW FORVHG WKH ,'65 )RU H[DPSOH WRPHQWLRQ+HDOWK
IDFLOLW\; +HDOWKIDFLOLW\;«, KDYHQ¶W VHHQ D UHSRUW VLQFH 1RYHPEHU
>@ LIQRW6HSWHPEHU>@ ,GRQ¶WNQRZZKDW WKH UHDVRQ LV ,GRQ¶W
NQRZ ZK\ WKH\ GRQ¶W VHQG UHSRUWV <HV +HDOWKIDFLOLW\; \RX DUH KHUH
ZKHUHGR\RXVHQG\RXUUHSRUWVQRZ"
$OO >(YHU\RQHODXJKV@
,'652IILFHU $Q\ZD\ , ZDV WU\LQJ WR UHVSRQG WR WKH TXHVWLRQ WKDW ³LV WKHUH DQ\ERG\
ZKR GRHV QRW UHSRUW IRU WZR RU WKUHH PRQWKV"´ <HDK WKHUH DUH KHDOWK
IDFLOLWLHV>WKDW@GR>QRW@«
+HDOWKIDFLOLW\
;
, WKLQN \RX VKRXOG DOVR JLYH PH WLPH >WR VSHDN@ <HDK ZH GR VHQG WKH
UHSRUWVEXWWKHSUREOHPLVFRPPXQLFDWLRQEUHDNGRZQEHFDXVHVRPHWLPHV
ZH GR JLYH WKH UHSRUWV WR WKH DPEXODQFH GULYHUV 6R RQ WKHZD\ , GRQ¶W
NQRZZKDWKDSSHQV%XWZHKDYH>FRSLHVRI@WKHUHSRUWVDQGZHKDYHEHHQ
VHQGLQJWKHUHSRUWVVLQFH2FWREHU
,'652IILFHU ,W LV MXVW XQIRUWXQDWH WKDW WKLV >VHQGLQJ RI UHSRUWV WKURXJK DPEXODQFH
GULYHUV@LVSUREDEO\WKHEHVWPHDQVRIVHQGLQJUHSRUWVWRWKHGLVWULFWEXWZH
VHQG>WKHUHSRUWVWKURXJK@SHRSOHZKRGRQRWNQRZWKHLPSRUWDQFHRIWKH
UHSRUWV, UHPHPEHU ODVW WLPH ZKHQ RQH RI WKH GULYHUV KDG DQ DFFLGHQW
SHRSOHGLVFRYHUHGWKDWKHKDGDSLOHRIUHSRUWVIURPYDULRXVKHDOWKIDFLOLWLHV
RI&KLOHND >+HDOWK$UHD@ QRW EHLQJ GHOLYHUHG WR WKH'+2 IRUPRQWKV ,W
ZDVGLVFRYHUHGDIWHUWKUHHPRQWKVWKHUHSRUWVZHUHMXVW>OHIW@LQWKHFDU6R
LW¶VMXVW>DQ@XQIRUWXQDWH>VLWXDWLRQ@:HPLJKWEODPHHDFKRWKHUEXWPD\EH
WKH FKDQQHO RI FRPPXQLFDWLRQ ZH XVH LV QRW FRUUHFW 6R SUREDEO\ WKH
PHWKRGRORJ\\RXDUHWU\LQJWREULQJLQ«ZLOOOHVVHQVRPHRWKHUSUREOHPV
)DFLOLWDWRU %XWZKHQ\RXJX\VVHQGWKHUHSRUWVPD\EHWRWKH,'65RIILFHUKHLVKHUH
GRHVKHJLYHWKHIHHGEDFNWKDWKHKDVUHFHLYHGWKHUHSRUWV"
6WDIIIURP
KHDOWKIDFLOLWLHV
1R
,'652IILFHU 7KHIHHGEDFNZHJLYHLVWKDWZHKDYHQ¶WUHFHLYHGWKHUHSRUWV
)DFLOLWDWRU 7KHUHLVDELJ>UHVRXQGLQJ@QR
6WDIIIURP
KHDOWKIDFLOLWLHV
(YHU\RQHODXJKV
,'652IILFHU 1RERG\ FDQ VD\ \HV ,W¶V WUXH ZH KDYHQ¶W JLYHQ DQ\ IHHGEDFN %XW ZH
SUHVXPHWKDWZKHQZHDUHVLOHQW LWPHDQVWKHLUUHSRUWKDVUHDFKHGXV%XW
ZKHQZHKDYHQ¶WUHFHLYHGLWZHWU\WRIROORZXS>WHOOLQJWKHP@ZHKDYHQ¶W
UHFHLYHG\RXUUHSRUWVIURPVXFK>DQG@VXFKDPRQWK WRVXFK>DQG@VXFKD
PRQWK
)DFLOLWDWRU %XWWRWKHPWKHVLOHQFHPHDQWWKDW\RXKDYHUHFHLYHG>WKHUHSRUWV@QRWVR"
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ϭϭ

6WDIIIURP
KHDOWKIDFLOLWLHV
<HV>)ROORZHGE\VRPHODXJKWHU@

7KHWUDQVFULSWDERYHIRUHJURXQGVFKDOOHQJHVVXFKDVXQUHOLDELOLW\RIDPEXODQFHGULYHUVD
PHDQVIRUWUDQVSRUWLQJUHSRUWVDQGSRRUIHHGEDFNRQUHSRUWHGGDWD
0RELOH3KRQHVDQG'+,60RELOH'+,6P6ROXWLRQVLQ8VH
:LWK '+,6P H[LVWLQJ SUDFWLFHV DURXQG GDWD FROOHFWLRQ DQG UHSRUW FRPSLODWLRQ KDYH EHHQ
PDLQWDLQHG7KH'+,6PVROXWLRQVDUHGUDZQXSRQDIWHUSDSHUEDVHG+0,6 UHSRUWVKDYH
EHHQVLJQHGRIIDVD UHSODFHPHQWRISK\VLFDO WUDQVSRUWDWLRQRISDSHU UHSRUWV:LWK'+,6P
VWDIIPD\ FRQQHFW WR D UHPRWH'+,6  VHUYHU DQG VXEPLW WKHLU UHSRUWV 7KH XVH RI'+,6P
VROXWLRQV H[WHQGV WKH UHDFK RI WKH GLJLWDO QDWLRQDO KHDOWK PDQDJHPHQW LQIRUPDWLRQ V\VWHP
VROXWLRQWRKHDOWKIDFLOLWLHV5HGXFLQJWKHQHHGIRUWUDYHODOORZVPHPEHUVRIVWDIIWRDWWHQGWR
RWKHU NH\ GXWLHV DW RZQ GXW\ VWDWLRQV +HDOWK IDFLOLWLHV LQ0DODZL DUH RIWHQ XQGHUVWDIIHG
HVSHFLDOO\ LQ WKH UXUDO DUHDV ,Q DGGLWLRQ LPSOHPHQWDWLRQ RI WKH DIRUHPHQWLRQHG '+,6P
VROXWLRQV LV ZRUWKZKLOH DV SUHYLRXV LQWHUYHQWLRQV RQ GLJLWDO KHDOWK LQIRUPDWLRQ V\VWHPV
WDUJHWHGGLVWULFWKHDOWKRIILFHVDQGWKH0LQLVWU\RI+HDOWKKHDGTXDUWHUV(YHQLQDIHZFDVHV
ZKHUHHOHFWURQLFPHGLFDOUHFRUGV\VWHPVKDYHEHHQLPSOHPHQWHGDWKHDOWKIDFLOLW\OHYHOGDWD
UHSRUWLQJWRWKHGLVWULFWUHPDLQVSDSHUEDVHG8VHRI'+,6PDWIDFLOLW\OHYHOUHGXFHVWKHQHHG
IRUGDWDHQWU\DWGLVWULFWOHYHO

,QDGGLWLRQZLWK'+,6PVROXWLRQVSHUVLVWHQFHRIUHSRUWHGGDWDLVYLVLEOHWRVWDIIZKRVHQGLQ
UHSRUWV6WDIIFDQUHYLHZHQWHUHGGDWDVWRUHGRQWKHQDWLRQDO'+,6VHUYHU7KXVPHPEHUVRI
VWDII KDYH FRQILUPDWLRQ WKDW WKHLU GDWD LV FHQWUDOO\ VWRUHG DQG UHPRWHO\ DFFHVVLEOH
)XUWKHUPRUH'+,6PVROXWLRQVSURYLGHKHDOWKIDFLOLWLHVZLWKDXWRPDWHGGDWDYDOLGDWLRQFKHFNV
DYDLODEOHRQWKHQDWLRQ'+,6VHUYHU
1RWD%HGRI5RVHV7KH)OLSVLGHRI0RELOH3KRQH6XSSRUWHG'DWD5HSRUWLQJ
'DWDUHSRUWLQJEHWZHHQKHDOWKIDFLOLWLHVDQGGLVWULFWOHYHOKDVWUDGLWLRQDOO\EHHQSDSHUEDVHG
PHDQLQJ FHUWDLQ FRPPXQLFDWLRQ SUDFWLFHV DQG VWUXFWXUHV FHQWUH RQ WKHPRYHPHQW RI SDSHU
)RU H[DPSOH DOO UHSRUWV IURP KHDOWK IDFLOLWLHV WR GLVWULFW KHDOWK RIILFHV KDYH WR JR WKURXJK
GHVLJQDWHG RIILFHUV VXFK DV SURJUDP FRRUGLQDWRUV DQG DVVLVWDQW VWDWLVWLFLDQV IRU HQWU\ LQWR
VRIWZDUHVROXWLRQV$OO+0,6 UHSRUWVJR WKURXJKDQDVVLVWDQWVWDWLVWLFLDQDWGLVWULFW OHYHO
(DUOLHUVWXGLHVDOVRLQGLFDWHWKDWRIILFHUVDWGLVWULFWKHDOWKRIILFHOHYHOSOD\DQLPSRUWDQWJDWH
NHHSLQJUROHHVSHFLDOO\LQFURVVFKHFNLQJGDWDTXDOLW\+DPUHDQG.DDVE¡OO

8SXQWLOODWH+0,6GDWDZDVHQWHUHGLQWR'+,6YHUVLRQEHIRUHH[SRUWILOHVZHUH
IRUZDUGHG WR WKH0LQLVWU\RI+HDOWKKHDGTXDUWHUV:LWKSDSHUEDVHG UHSRUWLQJDQGXVDJHRI
'+,6  DW GLVWULFW OHYHO WKH GLVWULFW KHDOWK RIILFH FRXOG JHW E\ ZLWK SRRU ,QWHUQHW
FRQQHFWLYLW\ )RU H[DPSOH WKH RIILFH KRXVLQJ WKH DVVLVWDQW VWDWLVWLFLDQ KDQGOLQJ +0,6
UHSRUWLQJ KDG QR ,QWHUQHW FRQQHFWLYLW\ 7KH RIILFHU ZRXOG XVH FROOHDJXHV¶ RIILFHV ZKHQ
IRUZDUGLQJUHSRUWVWRWKH0LQLVWU\RI+HDOWKKHDGTXDUWHUV$GRSWLRQRI'+,6DQG'+,6P
VROXWLRQVFUHDWHVDQHHGIRU UHOLDEOH ,QWHUQHWFRQQHFWLYLW\DWGLVWULFWDQGKHDOWKDUHD OHYHO WR
NHHSNH\VWDNHKROGHUVLQWKHORRSRIWKLQJV$WWKHVWDUWRIWKH'+,6PSLORWVWKHWZRKHDOWK
DUHDRIILFHVWDNLQJSDUW LQ WKHSLORWVDOVRKDGQRGHGLFDWHG,QWHUQHWFRQQHFWLYLW\RUDFFHVV WR
WKH'+,66HUYHU

$IWHU QRWLQJ WKH DIRUHPHQWLRQHG FKDOOHQJHV ZH SURYLGHG WKH DVVLVWDQW VWDWLVWLFLDQ DQG
SDUWLFLSDWLQJ KHDOWK DUHD RIILFHV ZLWK 86% ,QWHUQHW PRGHPV GRQJOHV ,Q DGGLWLRQ ZH
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ϭϮ

SURYLGHGEDVLF'+,6 WUDLQLQJ WRKHDOWKDUHDRIILFHV7KH WUDLQLQJPDLQO\ IRFXVHGRQGDWD
HQWU\ DQG JHQHUDWLRQRI UHSRUWLQJ UDWH VXPPDULHV7KH UDWLRQDOH EHKLQG VXFK HIIRUWVZDV WR
DOORZ KHDOWK DUHD RIILFHVPRQLWRU GDWD UHSRUWLQJ E\ VXERUGLQDWH KHDOWK IDFLOLWLHV DVZHOO DV
HQWHURZQGDWDRQWKHQDWLRQDO'+,6VHUYHU%RWKKHDOWKDUHDRIILFHVDOUHDG\KDGFRPSXWHUV

$SDUW IURP WKH DERYHPHQWLRQHG FKDOOHQJHV '+,6P XVHUV KDYH WR IRUJR VRPH IOH[LELOLW\
DVVRFLDWHGZLWKSDSHU

³OHWXVWDNH+7&>+,97HVWLQJDQG&RXQVHOOLQJ@IRUH[DPSOHVXSSRVHWKHWHVWNLWVDUHRXWRI
VWRFNDQG\RXMXVWZULWH>IRUWKHQXPEHURIWHVWVFRQGXFWHGGXULQJWKHPRQWK@WKHSHUVRQ
JHWWLQJ WKH UHSRUWPLJKW KDYH VRPH TXHVWLRQV >ZKHQ WU\LQJ WRPDNH VHQVHRI WKH@>WKH\
ZRXOG DVN@ µLV LW WKDW SHRSOH GLGQ¶W GR WKHLUZRUN RUZKDW"¶%XWZLWK WKHPDQXDO >SDSHU
EDVHG@UHSRUWZHDUHDEOHWRZULWHDQGDOVRDSSHQGDUHDVRQIRUWKH]HURVXFKDVµWHVWNLWV
ZHUHRXWRIVWRFN¶%XWRQWKHSKRQHZHMXVWZULWHSRVVLEO\\RXFRXOGGHVLJQWKHIRUPLQ
VXFK D ZD\ WKDW ZH DUH DEOH WR ZULWH VRPHWKLQJ >QRWHV@ LQVWHDG RI MXVW ZULWLQJ D ]HUR´
6WDWLVWLFDO&OHUN

7KHTXRWH DERYHKLJKOLJKWV WKH LPSRUWDQFHRI GLIIHUHQFHVEHWZHHQSDSHUDQGPRELOHSKRQH
DSSOLFDWLRQVLQVXSSRUWLQJH[LVWLQJSUDFWLFHVVXFKDVDSSHQGLQJQRWHVWRH[SODLQGDWD

7KH1RNLD&SKRQHVLQXVHDOVRKDYHDOLPLWHGDUHDIRULQIRUPDWLRQGLVSOD\[
SL[HOVLQFKHVFRPSDUHGWR$VL]HG[LQFKHVSDSHUUHJLVWHUVRU$VL]HG
[LQFKHVUHSRUWIRUPV)LJXUHSURYLGHVVRPHFRQWUDVWEHWZHHQDQ$+0,6
IRUPDQGD1RNLD&SKRQH


)LJXUH3DJHIURPDQ$VL]HG+0,6UHSRUWIRUPDQGD1RNLD&SKRQH

$QRWKHUFRQFHUQ UDLVHGE\HQGXVHUV UHJDUGV WKHQHHG WR VXSSRUW DOO DYDLODEOH UHSRUW IRUPV
³LQYROYHPHQWZLWKRWKHUSURJUDPPHV>ZKRVHUHSRUWVDUHFXUUHQWO\QRWVXSSRUWHG@IRUFHVRQH
WRVWLOOWUDYHOWRWKHGLVWULFW>KHDOWKRIILFH@´+HDOWK6XUYHLOODQFH$VVLVWDQW

7KRXJKDQHFHVVLW\VXSSRUWLQJDOODYDLODEOH UHSRUWIRUPV LVFKDOOHQJLQJ$OWKRXJKDWKHDOWK
IDFLOLW\OHYHOPHPEHUVRIVWDIIDUHRIWHQUHVSRQVLEOHIRUPXOWLSOHUHSRUWVJLYLQJDQLPSUHVVLRQ
RILQWHJUDWHGKHDOWKV\VWHPVWKHVLWXDWLRQRQWKHJURXQGLVIDUPRUHFRPSOLFDWHG%H\RQGWKH
KHDOWKIDFLOLW\OHYHOUHSRUWVDUHKDQGOHGWKURXJKSDUDOOHOKHDOWKSURJUDPPHVSHFLILFVRIWZDUH
VROXWLRQV)RUH[DPSOHIRUWKHPRVWSDUWRIWKLVVWXG\WKHDIRUHPHQWLRQHG,'653URJUDPPH
KDG D SDUDOOHO VWDQGDORQH VRIWZDUH VROXWLRQ )UDJPHQWDWLRQ RI LQIRUPDWLRQ V\VWHPV DORQJ
YHUWLFDO SURJUDPPHV KDV EHHQ D ORQJ VWDQGLQJ LVVXH LQ 0DODZL .DQMR HW DO 
&RQVHTXHQWO\ FRQVLGHUDEOH HIIRUWV ZLOO EH UHTXLUHG WR FRPSUHKHQVLYHO\ VXSSRUW DYDLODEOH
UHSRUWIRUPV
'LVFXVVLRQ
,QWKLVVHFWLRQZHGUDZXSRQVWXGLHVRQRUJDQL]DWLRQDOFKDQJHDQGWKHIROORZLQJFRQFHSWVWR
HOXFLGDWHHPSLULFDOILQGLQJVWHFKQRORJ\HQDFWPHQW*DVVHU)RXQWDLQ5RVHDQG
-RQHV'XQIRUGHWDODIIRUGDQFH*LEVRQDQGPRELOLW\/XIIDQG+HDWK
.ULVWRIIHUVHQDQG/MXQJEHUJ:HLOHQPDQQ7KHGLVFXVVLRQUHVSRQGVWRWKH
TXHVWLRQ KRZ GR PRELOH SKRQH VROXWLRQV LQWHUSOD\ ZLWK H[LVWLQJ SDSHUFHQWULF WRROV DQG
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ϭϯ

SUDFWLFHVLQURXWLQHKHDOWKGDWDUHSRUWLQJ"7KHGLVFXVVLRQLVRUJDQLVHGDURXQGYDULRXVVWDJHV
RIGDWD UHSRUWLQJFRPSLODWLRQ WUDQVSRUWDWLRQ GLJLWL]DWLRQ DQGGHOLYHU\RI IHHGEDFN LQ WKDW
RUGHU :H UHIOHFW RQ WKH GHPDQGV RI WKHVH DFWLYLWLHV DQG KRZ LPSOHPHQWHG PRELOH SKRQH
VROXWLRQVVKDSHDQGDUHVKDSHGE\H[LVWLQJVRFLRWHFKQLFDOVHWXS$W WKHHQGZHWLH WRJHWKHU
RXUUHIOHFWLRQVLQUHODWLRQWRUHODWHGVWXGLHV
&RPSLODWLRQDQG7UDQVSRUWDWLRQRI5HSRUWVE\+HDOWK)DFLOLWLHV
2XUILQGLQJGHPRQVWUDWHWKDWFRPSLODWLRQDQGVHQGLQJRIUHSRUWVVXFKDVWKH+0,6EULQJV
WRJHWKHU UHTXLUHPHQWV IRU ORFDO DQG UHPRWH PRELOLW\ /XII DQG +HDWK :HLOHQPDQQ
/RFDOPRELOLW\LVQHFHVVDU\WRFRRUGLQDWH+0,6UHSRUWFRPSLODWLRQDVGDWDIRUWKH
UHSRUW LV GUDZQ IURP GLIIHUHQW GHSDUWPHQWV SDSHU UHJLVWHUV DQG SDSHUEDVHG UHSRUW IRUPV
&RQVLGHULQJ WKDW SHUVLVWHQFH RI VHUYLFH GDWD DQG FRPSLODWLRQ RI UHSRUWV WKDW IHHG LQWR WKH
+0,6 UHSRUW LV FHQWUHGRQ WKH XVHRI SDSHU LW LV UDWKHU GLIILFXOW WR GR DZD\ZLWK SDSHU
GXULQJUHSRUWFRPSLODWLRQ$FWXDOO\LWLVQRWQHFHVVDU\WRGRDZD\ZLWKSDSHUDWWKHPRPHQW
,QDGGLWLRQWKHODUJH$DQG$SDSHUVL]HVIRUUHJLVWHUVDQGUHSRUWIRUPVDIIRUGLQIRUPDWLRQ
YLVLELOLW\DWDJODQFH6HOOHQDQG+DUSHUIRUFROODERUDWLQJSDUWQHUV7KH1RNLD&
PRELOHSKRQHVZKLFKKDYHLQFKGLVSOD\VFDQQRWDIIRUGFROODERUDWRUVVLPLODU LQIRUPDWLRQ
YLVLELOLW\,WZRXOGEHXQUHDVRQDEOHDQGFXPEHUVRPHWRKDYHSHRSOHVTXHH]HDURXQGD1RNLD
& 3UHYLRXV VWXGLHVKDYH DOVR REVHUYHG WKDW WKH VPDOO VL]H RIPRELOH GHYLFHV FDQ EH D
VLJQLILFDQWFRQVWUDLQWLIFROODERUDWLRQKDVWREHFHQWUHGRQWKHPRELOHGHYLFH/XIIDQG+HDWK
6KXGRQJDQG+LJJLQV

,Q LQWURGXFLQJ QHZ WHFKQRORJLFDO VROXWLRQV LW LV QHFHVVDU\ WR GHWHUPLQH ZKDW SDUWV RI WKH
VRFLRWHFKQLFDO VHWXS QHHG WR EH PDLQWDLQHG DQG WKRVH WKDW DUH SUREOHPDWLF DQG UHTXLUH
PRGLILFDWLRQ&RQVLGHULQJ WKDW UHSRUWFRPSLODWLRQ WDNHVSODFHZLWKLQ WKHFRQILQHRIDKHDOWK
IDFLOLW\ RQH FRXOG DUJXH WKDW WKH DIIRUGDQFHV RI SDSHU VXIILFH 3DSHU DUWHIDFWV DEO\ VXSSRUW
PLFUR 6HOOHQ DQG +DUSHU  DQG ORFDO PRELOLW\ /XII DQG +HDWK  ZKLFK DUH
QHFHVVDU\ LQFROORFDWHGUHSRUW FRPSLODWLRQ$OWKRXJKPRELOHSKRQHVPD\DOVR VXSSRUW ORFDO
DQGPLFURPRELOLW\WKH\GRQRWDIIRUGFROODERUDWLQJPHPEHUVRIVWDIIDFWLRQSRVVLELOLWLHVVXFK
DVYLHZLQJRILQIRUPDWLRQDWDJODQFH)XUWKHUWRWKLVSDSHUUHJLVWHUVDQGUHSRUWIRUPVDUHWRD
ODUJHU H[WHQW VRFLDOO\ DFFHSWHG DV VKDUHG UHVRXUFHV ZKLOVW PRELOH SKRQHV DUH UDWKHU PRUH
SHUVRQDOLVHG 3HUVRQDOL]DWLRQ RI PRELOH SKRQHV LV DOVR DFNQRZOHGJHG LQ H[WDQW OLWHUDWXUH
-RQHVDQG0DUVGHQ%DOODUG7KHLQWURGXFWLRQRIPRELOHSKRQHVROXWLRQVLQRXU
HPSLULFDOFDVHSXVKHVDKLJKO\SHUVRQDOLVHGDUWHIDFW LQWRDVKDUHGVSDFH$GGLWLRQDOZRUN LV
WKHUHIRUH UHTXLUHG WRPDNH LPSOHPHQWHGPRELOHSKRQH VROXWLRQVDQ LQWHJUDOSDUWRIH[LVWLQJ
SUDFWLFHVDURXQGUHSRUWFRPSLODWLRQ

7KHXVHRISDSHUEDVHGUHSRUWLQJIRUPVDOVREHWWHUVXSSRUWVRUJDQL]DWLRQDOSURFHVVHVVXFKDV
UHSRUWYHULILFDWLRQDQGVLJQLQJRIIE\VHQLRURIILFHUVDWKHDOWKIDFLOLW\ OHYHO6XFKSURFHVVHV
ZRXOG EH GLIILFXOW WR VXSSRUW XVLQJ RQO\ PRELOH SKRQHV ZKLFK LQ PRVW FDVHV DUH LQ WKH
FXVWRG\ RI MXQLRU RIILFHUV 7KH LPPHGLDWH DQG SURORQJHG LPSOLFDWLRQ RI WKLV LV WKDW
LPSOHPHQWHGPRELOH SKRQHV VROXWLRQV FDQRQO\ IHDWXUH DV GDWD FRPPXQLFDWLRQ WRROV LQ WKH
WLPHEHLQJ7KLVGHPRQVWUDWHVWKDWWKHH[LVWLQJFRQWH[WLVQRWMXVWWKHUHWREHDFWHGXSRQEXW
DOVR VKDSHV WKH DSSOLFDWLRQ RI WHFKQRORJ\ 5REH\ DQG %RXGUHDX  )RXQWDLQ 
+RZHYHU EH\RQG UHSRUW FRPSLODWLRQ LPSOHPHQWHG PRELOH SKRQH VROXWLRQV SURYLGH D
FRQYHQLHQW ZD\ IRU FRPPXQLFDWLQJ GDWD 0RELOH SKRQHV DIIRUG LQVWDQWDQHRXV UHPRWH GDWD
FRPPXQLFDWLRQ LQ ZD\V SDSHU FDQQRW 'H5HQ]L HW DO  *DQHVDQ HW DO 
,PSOHPHQWHG PRELOH SKRQH VROXWLRQV ORZHU WKH QHHG IRU LQGLYLGXDOV WR WUDYHO EHWZHHQ
GLVWULEXWHGSODFHV LHUHPRWHPRELOLW\.ULVWRIIHUVHQDQG/MXQJEHUJIRUSXUSRVHVRI
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ϭϰ

+0,6UHSRUWVXEPLVVLRQ7KXVXVHRIPRELOHSKRQHVROXWLRQVFLUFXPQDYLJDWHVLGHQWLILHG
FKDOOHQJHVDULVLQJIURPSRRUURDGFRQGLWLRQVDQGXQUHOLDELOLW\RIWKLUGSDUWLHVLQWUDQVSRUWLQJ
SDSHU UHSRUWV ,W VXIILFHV WR VXSSRUW ORFDO PRELOLW\ XVLQJ SDSHU DQG SURYLGH IRU UHPRWH
FRQQHFWLYLW\ XVLQJ PRELOH SKRQHV 7KLV ZD\ RI XVLQJ PRELOH SKRQH VROXWLRQV LV FORVH WR
VWDWLRQDU\XVHRIGHVNWRSRUODSWRSFRPSXWHUV1RQHWKHOHVVWKHSUHYDOHQWXQGHUGHYHORSPHQW
RI HOHFWULFLW\ LQIUDVWUXFWXUH DQG QHFHVVDU\ FRPSHWHQFH UHJDUGLQJ WKH XVH RI FRPSXWHUV DW
KHDOWK IDFLOLW\ OHYHO PDNHV PRELOHV SKRQHV PRUH VXLWDEOH 0RELOH SKRQHV DUH PRUH
XELTXLWRXVKDYHORZHUGHPDQGVIRUSRZHUDQGKHQFHDUHEHWWHUVXLWHGWRVXSSRUWLQJ+,6LQ
UXUDOFRQWH[WV%XNDFKLDQG3DNHQKDP:DOVK&KLJRQDHWDO6KR]LHWDO
7KHVHIDFWRUVUDWKHUWKDQVXSSRUWLQJXVHUVRQHWKHPRYHDUHZKDWPDNHPRELOHVSKRQHVXVHIXO
LQWKHFDVHSUHVHQWHGKHUHLQ

,PSOHPHQWHGPRELOHSKRQHVROXWLRQVDOVRJDLQUHOHYDQFHLQSURYLGLQJVWDIIDWKHDOWKIDFLOLW\
OHYHOZLWKIXQFWLRQDOLW\IRUUHYLHZLQJVXEPLWWHGUHSRUWV7KLVLQSDUWDGGUHVVHVXQFHUWDLQWLHV
UHJDUGLQJWKHGHOLYHU\VWDWXVRIUHSRUWVDVLVWKHFDVHZLWKSDSHUEDVHGUHSRUWLQJ7KHH[WUDFW
IURP D IRFXV JURXS GLVFXVVLRQ RQ GDWD UHSRUWLQJ SUHVHQWHG HDUOLHU GHPRQVWUDWHV D VHULRXV
EUHDNGRZQ LQGDWD UHSRUWLQJ DULVLQJ IURPSRRU IHHGEDFNRQ µVXEPLWWHG¶ UHSRUW7KHRIILFHU
IURP WKHGLVWULFWFODLPHG WKDWRQHKHDOWK IDFLOLW\KDGQRWEHHQUHSRUWLQJIRUPRQWKVEXW WKH
KHDOWKIDFLOLW\FODLPHGWKDWWKH\KDGEHHQVHQGLQJLQWKHLUUHSRUWVWKURXJKDPEXODQFHGULYHUV
,QWKLVFDVHWKHSDSHUEDVHGUHSRUWLQJVHWXSGLGQRWSURYLGHDZD\WRDVFHUWDLQZKRZDVLQWKH
ULJKW:LWKWKHLPSOHPHQWHGPRELOHSKRQHVROXWLRQVWKHQDWLRQDOVHUYHUSURYLGHVDUHDG\SRLQW
RI UHIHUHQFH WR UHVROYH VXFK FRQFHUQV%H\RQG WKLVDYDLODELOLW\RI GDWDYDOLGDWLRQDW UHSRUW
VXEPLVVLRQWLPHDQGE\SDVVLQJRIGLVWULFWKHDOWKRIILFHVDVDQ LQWHUPHGLDWHGDWDHQWU\VWDJH
FDQVLJQLILFDQWO\ORZHUWUDQVFULSWLRQHUURUV7KLVLV LQ OLQHZLWKILQGLQJVIURPHDUOLHUVWXGLHV
VHH'H5HQ]L HW DO 7KH XVH RIPRELOHSKRQHV LV WKLV FDVH DOVRDOWHUV H[LVWLQJ GDWD
UHSRUWLQJSUDFWLFHVLQWKDWGLJLWL]DWLRQRIGDWDLVVKLIWLQJWRWKHKHDOWKIDFLOLW\OHYHO
'LJLWL]DWLRQDQG)HHGEDFN&KDQJLQJ5ROHVDQG5HODWLRQVDFURVV$GPLQLVWUDWLYH/HYHOV
+DYLQJ KHDOWK IDFLOLWLHV GLUHFWO\ VXEPLW GDWD LQWR WKH QDWLRQDO '+,6  VHUYHU DOWHUV WKH
VLJQLILFDQFH RI FHUWDLQ UROHV )RU H[DPSOH WKH DVVLVWDQW VWDWLVWLFLDQ DW GLVWULFW KHDOWK RIILFH
OHYHOFDQQR ORQJHUIXQFWLRQDVDJDWHNHHSHU WKURXJKZKRVHGHVNVUHSRUWVPXVWSDVVEHIRUH
GLJLWL]DWLRQ7KHZRUNRIFRQFHUQHGVWDNHKROGHUVDWKHDOWKDUHDDQGGLVWULFWKHDOWKRIILFHOHYHOV
QRZVKLIWVPRUHWRZDUGVPRQLWRULQJRIGDWDUHSRUWLQJDQGSURYLVLRQRIIHHGEDFNRQUHSRUWHG
GDWD +RZHYHU DV PHQWLRQHG LQ WKH FDVH SUHVHQWDWLRQ WKLV VKLIW GHPDQGV EHWWHU ,QWHUQHW
FRQQHFWLYLW\LQRUGHUWRNHHSNH\VWDNHKROGHUVLQWKHORRSWKDQZDVSUHYLRXVO\UHTXLUHGZLWK
SDSHUEDVHGGDWDUHSRUWLQJDQGWKHXVHRIGHVNWRS'+,6VROXWLRQV:LWKRXWVXFKPRELOH
SKRQHV ZLOO EH WHUPHG D OHDSIURJ WHFKQRORJ\ QRW RQO\ IRU HQDEOLQJ XVHUV VNLS IL[HGOLQH
WHFKQRORJLHV +HHNV DQG -DJXQ  7KH (FRQRPLVW  EXW DOVR NH\ VWDNHKROGHUV DW
KHDOWK DUHD DQG GLVWULFW KHDOWK RIILFH OHYHOV 7KDW WKH HQG UHVXOW RI WKLV OHDSIURJ ZRXOG EH
GLVDVWURXV UHTXLUHVQR IXUWKHUHPSKDVLV3UHYLRXV VWXGLHVKDYHGHPRQVWUDWHG WKH LPSRUWDQFH
DVVLVWDQW VWDWLVWLFLDQV ZRUNLQJ DW GLVWULFW OHYHO LQ SURPRWLQJ GDWD TXDOLW\ +DPUH DQG
.DDVE¡OO)LJXUHVDQGGHSLFWKRZWKHXVHRI'+,6PWRROVIRUGDWDUHSRUWLQJDOWHUV
H[LVWLQJFRPPXQLFDWLRQFKDQQHOVDQGUROHV

 
)LJXUHSDSHUEDVHGUHSRUWLQJ )LJXUH'+,6PVXSSRUWHGUHSRUWLQJ

'XH WR WKHDERYHGHSLFWHGDOWHUDWLRQV LQFRPPXQLFDWLRQSDWWHUQVDGRSWLRQRIPRELOHSKRQH
VROXWLRQV FDOOV IRU HYHQ EHWWHU IRUPV RI FRPPXQLFDWLRQ EHWZHHQ GLVWULFW KHDOWK RIILFHV DQG
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ϭϱ

KHDOWKIDFLOLWLHVWKDQKDVWUDGLWLRQDOO\EHHQWKHFDVH)RUH[DPSOHWKHUHLVQHHGWRFRPSHQVDWH
IRU UHGXFHG IDFHWRIDFHPHHWLQJV DVVRFLDWHGZLWK SDSHUEDVHG UHSRUWLQJ WKURXJK HQKDQFHG
GHOLYHU\ RI IHHGEDFNRQ UHSRUWHG GDWD ,I FDUH LV QRW WDNHQ WKH XVHRI LPSOHPHQWHGPRELOH
SKRQHVROXWLRQVPLJKWFRQTXHUSK\VLFDOGLVWDQFHEXWZLGHQWKHFRPPXQLFDWLRQJDSEHWZHHQ
KHDOWKIDFLOLWLHVKHDOWKDUHDRIILFHVDQGGLVWULFWKHDOWKRIILFHV%HOORWLDQG%O\VWDWHWKDW
YLVXDODQGDXGLWRU\DFFHVVLELOLW\HQDEOHVDZDUHQHVVRIWKLQJVSHRSOHZRXOGRWKHUZLVHPLVVRQ
ZKLFK LQ WXUQPLJKW SURPSW VSRQWDQHRXV FRPPXQLFDWLRQ)LQGLQJVE\+DPUH DQG.DDVE¡OO
DOVRVXJJHVW WKDWIDFHWRIDFHPHHWLQJVFDQEHPRWLYDWLRQDOIRUKHDOWKFDUHSHUVRQQHO
+RZHYHUDOWKRXJKFKDOOHQJHVSHUWDLQLQJWRSRRUSURYLVLRQRIIHHGEDFNKDYHEHHQNQRZQIRU
VRPHWLPH&KDXODJDLHWDO+DPUHDQG.DDVE¡OOWKH\VWLOOSHUVLVW%HOORWLDQG
%O\  DOVR DUJXH WKDW ³LI RXU DLP LV WR VXSSRUW D UDQJH RI JURXS ZRUN LQFOXGLQJ
GLVWULEXWHGFROODERUDWLRQZHPXVWGHVLJQ IRUPRELOLW\DQGQRWDJDLQVW LW´ %HOORWWL DQG%O\
 SS  7KHLU XVH RI WKH WHUP PRELOLW\ UHIHUV WR PRYHPHQW RI SHRSOH EHWZHHQ
GLVWULEXWHGSODFHV:HGRQRWQHFHVVDULO\DJUHHZLWKWKLVDUJXPHQWDVLQRXUHPSLULFDOFDVH
WKHUH LV D FOHDU QHHG WR GR DZD\ ZLWK SK\VLFDO WUDYHO IRU WKH SXUSRVHV RI UHSRUW GHOLYHU\
+RZHYHUZHILQGWKHLUDUJXPHQWUHOHYDQWLQFUHDWLQJDZDUHQHVVWKDWWKHUHOHYDQFHRIPRELOH
SKRQHVROXWLRQVZLWKLQZRUNFRQWH[WVLVIRXQGLQWKHPXOWLSOLFLW\RILQWHUDFWLQJWHFKQRORJLHV
DQGSHRSOH

,QWKHFDVHVWXG\SUHVHQWHGKHUHUHPRWHVXEPLVVLRQRIKHDOWKGDWDWKURXJKPRELOHSKRQHVDOVR
EHQHILWVIURPWKHXVHRIGHVNWRSFRPSXWHUVDQGODSWRSVDWGLVWULFWOHYHO7KHYDVWTXDQWLWLHVRI
GDWDGHDOWZLWKDWGLVWULFWOHYHODQGWKHFRPSXWLQJSRZHUUHTXLUHGFDQQRWEHDEO\VXSSRUWHGE\
WKH XVH RI PRELOH SKRQHV RU SDSHU ,W LV RQO\ QDWXUDO WR PDNH XVH RI DYDLODEOH FRPSXWHU
KDUGZDUH ,Q WKHHQG UHDOLVLQJ WKHSRWHQWLDORIPRELOH WHFKQRORJ\VROXWLRQV WRVXSSRUW ORFDO
DQGUHPRWHFROODERUDWLRQUHTXLUHVDKHWHURJHQHRXVFRPELQDWLRQRIWHFKQRORJLHVERWKROGDQG
QHZ/XIIDQG+HDWK-RQHVDQG0DUVGHQ%XNDFKLDQG3DNHQKDP:DOVK
7\LQJWKLQJVWRJHWKHU(QDFWPHQWRIWHFKQRORJ\DFURVVFROOHFWLYHV
7KH HPSLULFDO FDVH GHPRQVWUDWHV WKDW WKH FRPELQDWLRQ RI UHSRUW FRPSLODWLRQ DQG GHOLYHU\
LQYROYHV LQWULFDWH LQWHUGHSHQGHQFHVEHWZHHQJURXSVRIDUWHIDFWVDQG LQGLYLGXDOVDWGLIIHUHQW
DGPLQLVWUDWLYH OHYHOV 7KLV FRUUHVSRQGV WR ILQGLQJV IURP HDUOLHU VWXGLHV WKDW ZLWKLQ
RUJDQL]DWLRQV LQGLYLGXDOV¶ ZRUN WDVNV DUH SDUW RI D ODUJHU V\VWHP RI WDVNV DQG WKHLU
DFFRPSOLVKPHQW UHTXLUHVPRELOL]DWLRQRIPXOWLSOH UHVRXUFHV *DVVHU:HFRXOG OLNHQ
WKH YDULRXV DUWHIDFWV UHJLVWHUV SDSHU IRUPVPRELOH SKRQH WRROV HWFPRELOL]HG WR SOD\LQJ
FDUGVLQDGHFNHDFKZLWKXQLTXHDIIRUGDQFHVDQGUROHVEXWDOVRGHSHQGHQWXSRQWKHUHVWIRU
WKH WDVNDWKDQG ,QFDUGJDPHVFDUGVDUHGUDZQXSRQEDVHGRQ WKHLUXQLTXHFKDUDFWHULVWLFV
QXPEHUVW\SHVDQGFRORXUDQGUHVXOWDQWDIIRUGDQFHVEXWQRWLQDZD\WKDWLVXQFRQQHFWHGWR
FDUGVDOUHDG\GUDZQUXOHVDWSOD\DQGLQWHQWLRQVRIFDUGSOD\HUV:KHQSOD\HGFDUGVVKDSH
WKH SURJUHVVLRQ RI WKH FDUG JDPH DQG VR WKLV G\QDPLF FRQWLQXHV ,Q WKH VDPH ZD\ WKH
LGLRV\QFUDVLHV DQG DIIRUGDQFHV RI SDSHUEDVHG WRROV PRELOH SKRQHV VROXWLRQV PHDQ WKDW
LQGLYLGXDODUWHIDFWVDUHEHVWVXLWHGWRSDUWVRIWKHUHSRUWLQJSURFHVV$WWKHQH[WOHYHOLWLVLQ
WKHPRELOL]DWLRQRIWKHLUFRPELQHGDIIRUGDQFHVE\LQGLYLGXDOVDQGJURXSVDWGLIIHUHQWOHYHOV
RIRUJDQL]DWLRQ WKDWGDWD UHSRUWLQJ DV DZKROH LV DFFRPSOLVKHG7KXV LWZRXOGEHQDLYH WR
RYHUHPSKDVL]HWKHSRWHQWLDORIPRELOHSKRQHVROXWLRQVDWWKHH[SHQVHRIHYHU\WKLQJHOVHWKDW
PDWWHUV 7KLV FRUUHVSRQGV WR WKH REVHUYDWLRQV E\ 3HQWODQG DQG )HOGPDQ  WKDW ZHOO
GHVLJQHGDUWHIDFWVGRQRWQHFHVVDULO\JLYHULVHWRQHZRUJDQLVDWLRQDOURXWLQHV2UJDQLVDWLRQDO
URXWLQHVLQYROYHFRRUGLQDWLRQEHWZHHQPXOWLSOHLQGLYLGXDOVSOD\LQJRXWVPDOOHUSDUWVRIODUJHU
RUJDQLVDWLRQDO URXWLQHV $V KDV EHHQ GHPRQVWUDWHG LQ RXU ILQGLQJV WKH HQDFWPHQW RI
LPSOHPHQWHGPRELOH SKRQH VROXWLRQV LV LQWHUWZLQHGZLWK XWLOL]DWLRQ RI SDSHUEDVHG WRROV DW
Page 15 of 23 Information Technology & People
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review
ϭϲ

KHDOWK IDFLOLW\ OHYHO DV ZHOO DV GHVNWRS FRPSXWHUV DQG ,QWHUQHW FRQQHFWLYLW\ DW KLJKHU
DGPLQLVWUDWLYHOHYHOV7KHVHG\QDPLFVILWLQZLWKDUJXPHQWVWKDWQRYHOWHFKQRORJLHVDUHPDGH
VHQVHRIZLWKLQ D FRQWH[W RIFRQWLQXRXV LQWHUSOD\ZLWK KXPDQV DQG H[LVWLQJ VRFLRWHFKQLFDO
DUUDQJHPHQWVZKHUHHDFK HOHPHQW WKRXJK VWLOO UHWDLQLQJXQLTXHQHVV LV D SDUW RI WKHZKROH
)RXQWDLQ$DUWVHWDO5RVHDQG-RQHV

)URPWKHFDVHLWLVDOVRHYLGHQWWKDWLPSOHPHQWHGPRELOHSKRQHVROXWLRQVDUHZLWKRXWPXFK
VLJQLILFDQFHLQWKHDEVHQFHRIDFRPSUHKHQVLYHFRYHUDJHRIUHSRUWVKHDOWKIDFLOLWLHVPXVWVHQG
WR GLVWULFW KHDOWK RIILFHV (YHU\ XQVXSSRUWHG UHSRUW QHFHVVLWDWHV WUDYHO WR WKH GLVWULFW KHDOWK
RIILFH +RZHYHU LW LV HTXDOO\ HYLGHQW IURP WKH ILQGLQJV WKDW HDFK DGGLWLRQDO UHSRUW IRUP
LQFUHDVHV WKH OHYHO RI FRPSOH[LW\ GXH WR DQ LQFUHDVH LQ WKH QXPEHU RI VWDNHKROGHUV DQG
SDUDOOHO LQIRUPDWLRQ V\VWHPV WKDW UHTXLUH PRELOL]DWLRQ ,W FDQ EH FKDOOHQJLQJ WR OHYHUDJH
IUDJPHQWHG VRIWZDUH SODWIRUPV GXH WR WKH LQFUHDVHG RYHUKHDG RI FRRUGLQDWLRQ DQG
FRPPXQLFDWLRQ 'H5HQ]L HW DO  $GGUHVVLQJ VXFK FRPSOH[LW\ JRHV EH\RQG WKH
FDSDELOLWLHV RI HQGXVHUV DQG GHPDQGV DFWLRQ WDNLQJ E\ VROXWLRQ LPSOHPHQWHUV DQG
DGPLQLVWUDWRUV 7DNLQJ VXFK VWHSV HFKRHV REVHUYDWLRQV E\ 5LEHV DQG )LQKROW  WKDW
DFWLYLWLHVXQGHUWDNHQE\VROXWLRQLPSOHPHQWHUVLQWUDQVLWLRQLQJH[SHULPHQWDOWHFKQRORJLHVLQWR
SURGXFWLRQV\VWHPVDUHYHU\PXFKSDUWRI WHFKQRORJ\HQDFWPHQW&RQVLGHULQJ WKHG\QDPLFV
GLVFXVVHGWKXVIDUDQGEXLOGLQJRQ'XQIRUGHWDOLWLVQRWIDUIHWFKHGWRDUJXHWKDWLQ
WKHFDVHSUHVHQWHGKHUHLQQRYDWLRQLVQRWWREHIRXQGLQWKHVROHDFWRILPSOHPHQWLQJWKHVDLG
PRELOH SKRQH VROXWLRQV 5DWKHU ZKDW LV LQQRYDWLYH LV WKH FROOHFWLYH HQDFWPHQW RI H[LVWLQJ
SDSHUEDVHG WRROV DQG SUDFWLFHV PRELOH SKRQH VROXWLRQV DQG DYDLODEOH GHVNWRS FRPSXWHU
VROXWLRQV
&RQFOXVLRQ
7KHSDSHU UHVSRQGV WR WKHTXHVWLRQKRZGRPRELOHSKRQH VROXWLRQV LQWHUSOD\ZLWK H[LVWLQJ
SDSHUFHQWULFWRROVDQGSUDFWLFHVLQURXWLQHKHDOWKGDWDUHSRUWLQJ"$YDLODEOHHYLGHQFHVXJJHVWV
WKDWRUJDQL]DWLRQZLOOFRQWLQXHWRFKDQJHZLWKFRQWLQXHGHYROXWLRQRI,&7V,QOLQHZLWKWKLV
WKH DSSOLFDWLRQ RI ,&7V VXFK DV PRELOH SKRQHV DQG UHODWHG VROXWLRQV RIIHU VLJQLILFDQW
WUDQVIRUPDWLYH RSSRUWXQLWLHV WR HQKDQFH KHDOWKFDUHPDQDJHPHQW E\ H[WHQGLQJ WKH UHDFK RI
GLJLWDO KHDOWK LQIRUPDWLRQ V\VWHPV +0,6 WR UXUDO DUHDV ,Q H[WHQGLQJ WKH UHDFK RI+0,6
PRELOH SKRQH VROXWLRQV DOORZ IRU UHPRWH GDWD FRPPXQLFDWLRQ DQG GDWD YDOLGDWLRQ FKHFNV
WKHUHE\DGGUHVVLQJFKDOOHQJHVFRQFHUQLQJWUDQVSRUWDWLRQDQGGLJLWL]DWLRQRISDSHUIRUPV
7KHSDSHUGHPRQVWUDWHVWKDWLPSOHPHQWHGPRELOHSKRQHVROXWLRQVRFFXS\DXQLTXHSODFHWKDW
QHLWKHU SDSHU QRU GHVNWRS FRPSXWHU VROXWLRQV FDQ DEO\ RFFXS\ +RZHYHU RXU ILQGLQJV
GHPRQVWUDWH WKDW HIIHFWLYH XWLOL]DWLRQ RI LPSOHPHQWHG PRELOH SKRQH VROXWLRQV UHTXLUHV
DGMXVWPHQWV RQ WKH SDUW RI QHZ DQG H[LVWLQJ WHFKQRORJLHV DQG ZRUN SUDFWLFHV 7KH SDSHU
VXEVWDQWLDWHV WKLV OLQH RI DUJXPHQW E\ SURYLGLQJ DQ DFFRXQW RI KRZ LGLRV\QFUDVLHV RI GDWD
UHSRUWLQJ SUDFWLFHV SDSHU PRELOH SKRQH DQG GHVNWRS VROXWLRQV VKDSH DSSOLFDWLRQ RI QHZ
WHFKQRORJ\,QFRQVLGHULQJSDUWLFXODULWLHVRIZRUNSUDFWLFHVFRQWH[WRIXVHDQGDIIRUGDQFHVRI
WKH DERYHPHQWLRQHG WHFKQRORJLFDO DUWHIDFWV ZH VHH WKDW YDULRXV DUWHIDFWV DUH VXLWHG WR
GLIIHUHQW VWDJHV RI GDWD UHSRUWLQJ FRPSLODWLRQ WUDQVSRUWDWLRQ GLJLWL]DWLRQ IHHGEDFN )RU
H[DPSOHSDSHUUHQGHUVLWVHOIZHOOWRVXSSRUWLQJORFDOPRELOLW\DQGFROODERUDWLRQGXULQJUHSRUW
FRPSLODWLRQFRPSDUHGWRPRELOHSKRQHVZLWKVPDOOVFUHHQVL]HV%H\RQGWKLVWUDQVSRUWDWLRQ
RI SDSHU UHSRUW IRUPV LV SUREOHPDWLF GXH WR SRRU WUDQVSRUW LQIUDVWUXFWXUH 0RELOH SKRQH
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
VROXWLRQVWKHQSURYLGHDZD\RIFLUFXPYHQWLQJWUDQVSRUWDWLRQFKDOOHQJHVWKURXJKDIIRUGLQJ
LQVWDQWDQHRXV UHPRWH GDWD FRPPXQLFDWLRQ $W WKH QH[W OHYHO RI DGPLQLVWUDWLRQ H[LVWLQJ
GHVNWRS FRPSXWHU VROXWLRQV DUH PRUH VXLWHG WR KDQGOLQJ ODUJHU TXDQWLWLHV RI GDWD 7KLV
HPHUJLQJ VRFLRWHFKQLFDO K\EULG DOVR DOWHUV H[LVWLQJ SDWWHUQV RI UHSRUW VXEPLVVLRQ ZKLFK
UHTXLUHVPRELOL]DWLRQRIGLIIHUHQWJURXSVRISHRSOHDFURVV OHYHOVRIRUJDQL]DWLRQ WRSUHYHQW
PDUJLQDOL]DWLRQNH\VWDNHKROGHUV,QWKHHQGUHSRUWFRPSLODWLRQDQGFRPPXQLFDWLRQXQIROGV
JXLGHGE\XVHRISDSHUDJHROGSDSHUFHQWULFSUDFWLFHVDQGGHPDQGVRI ORFDOFROODERUDWLRQ
FKDOOHQJHVRIWUDQVSRUWLQJSDSHUUHSRUWVDQGDIIRUGDQFHVRISDSHUGHVNWRSDQGPRELOHSKRQH
VROXWLRQVLQXVH6XFKLQWHUDFWLRQLVFRQWLQXRXVO\HYROYLQJ
,QSD\LQJDWWHQWLRQ WR WKHDERYHPHQWLRQHGIDFWRUVZHREVHUYHG WKDWFRQWUDU\ WR WKHJHQHUDO
IRFXV RQPRELOH SKRQHV DV WRROV IRU VXSSRUWLQJ SHRSOH RQ WKHPRYH WKHLU UHOHYDQFHPLJKW
DFWXDOO\EHIRXQGLQUHGXFLQJSHRSOH¶VPRELOLW\EHWZHHQGLVWULEXWHGSODFHV,QRXUFDVHVWXG\
PRELOH SKRQH VROXWLRQV DUHPDLQO\GUDZQ XSRQ WR UHSODFH SK\VLFDO WUDQVSRUWDWLRQRI SDSHU
EDVHGUHSRUWV
$ERYHDOOZHDUJXHWKDWVLPXOWDQHRXVHQDFWPHQWRIROGDQGQHZWHFKQRORJLHVLVQHFHVVDU\LQ
RUGHUWRPDNHLPSOHPHQWHGPRELOHSKRQHVROXWLRQVZRUN:KDWLVQRYHODQGH[FLWLQJLQWKH
FDVH SUHVHQWHG KHUHLQ LV WKH FROOHFWLYH PRELOL]DWLRQ RI WKH DIRUHPHQWLRQHG LQWHUDFWLQJ
HOHPHQWV LQ D ZD\ WKDW UHFRJQL]HV WKHLU XQLTXHQHVV DQG LQWHUGHSHQGHQFH ,Q DGGLWLRQ ZH
UHFRJQL]HWKDWWKHSDUWLFLSDWLRQRIHQGXVHUVDGPLQLVWUDWRUVDQGWHFKQRORJ\LPSOHPHQWHUVLV
QHFHVVDU\ LQ RUGHU WR PDNH DYDLODEOH WHFKQRORJLHV ZRUN 7KLV LV ZKDWPLJKW UHVXOW LQ ,&7
VXSSRUWHGRUJDQL]DWLRQDOFKDQJH ,QRWKHUZRUGVQRYHOW\DQG LQQRYDWLRQDUH WREH IRXQG LQ
WKH LQWHUPLQJOLQJ RI QHZ DQG ROG WHFKQRORJLHV DQG SUDFWLFHV 'XQIRUG HW DO  7KH
UHIOHFWLRQV RQ FRH[LVWHQFH EHWZHHQ QRYHO DQG HVWDEOLVKHG SUDFWLFHV SURYLGHG KHUHLQ DUH
VHOGRPUHIOHFWHGXSRQLQVWXGLHVRQLQQRYDWLRQLQP+HDOWKVHH/HRQHWDO%UDDDQG
1LHOVHQ
5HIHUHQFHV
Zd^͕ :͕͘ KKZtZ͕ ,͘ Θ Z'͕ D͘ ϮϬϬϰ͘ hŶĚĞƌƐƚĂŶĚŝŶŐ /ŵƉůĞŵĞŶƚĂƚŝŽŶ͗ dŚĞ ĂƐĞ ŽĨ Ă
ŽŵƉƵƚĞƌŝǌĞĚ WŚǇƐŝĐŝĂŶ KƌĚĞƌ ŶƚƌǇ ^ǇƐƚĞŵ ŝŶ Ă >ĂƌŐĞ ƵƚĐŚ hŶŝǀĞƌƐŝƚǇ DĞĚŝĐĂů ĞŶƚĞƌ͘
:ŽƵƌŶĂůŽĨƚŚĞŵĞƌŝĐĂŶDĞĚŝĐĂů/ŶĨŽƌŵĂƚŝĐƐƐƐŽĐŝĂƚŝŽŶ͕ϭϭ͕ϮϬϳͲϮϭϲ͘
<ZDE͕^͘>͕͘d͕<͕͘^d/E͕:͘͕͘&Z͕͘t͕͘,Ez͕'͘t͕͘^,D/d͕>͘͘Θ'KE>^͕
Z͘ϮϬϭϮ͘ĞŶĞĨŝƚŽƌƵƌĚĞŶ͍^ŽĐŝŽƚĞĐŚŶŝĐĂůŶĂůǇƐŝƐŽĨŝĂŐŶŽƐƚŝĐŽŵƉƵƚĞƌ<ŝŽƐŬƐŝŶ&ŽƵƌ
ĂůŝĨŽƌŶŝĂ,ŽƐƉŝƚĂůŵĞƌŐĞŶĐǇĞƉĂƌƚŵĞŶƚƐ͘^ŽĐŝĂů^ĐŝĞŶĐĞΘDĞĚŝĐŝŶĞ͕ϳϱ͕ϮϯϳϴͲϮϯϴϱ͘
ZEK>͕ D͘ ϮϬϬϯ͘ KŶ ƚŚĞ WŚĞŶŽŵĞŶŽůŽŐǇ ŽĨ dĞĐŚŶŽůŽŐǇ͗ dŚĞ ͞:ĂŶƵƐͲ&ĂĐĞƐ͟ ŽĨ DŽďŝůĞ WŚŽŶĞƐ͘
/ŶĨŽƌŵĂƚŝŽŶĂŶĚKƌŐĂŶŝǌĂƚŝŽŶ͕ϭϯ͕ϮϯϭͲϮϱϲ͘
^E'E^/͕/͕͘D>K͕͕͘DZD/<th͕D͕͘Z/<WK͕/͕͘ZKZ'͕͕͘,Zd^K<͕͘ΘDKdK͕/͘
ϮϬϭϯ͘ /ŵƉƌŽǀŝŶŐ ƚŚĞ ZŽƵƚŝŶĞ ,ŵŝƐ ŝŶ EŝŐĞƌŝĂ ƚŚƌŽƵŐŚ DŽďŝůĞ dĞĐŚŶŽůŽŐǇ ĨŽƌ ŽŵŵƵŶŝƚǇ
ĂƚĂŽůůĞĐƚŝŽŶ͘:ŽƵƌŶĂůŽĨ,ĞĂůƚŚ/ŶĨŽƌŵĂƚŝĐƐŝŶĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ΀:,/΁͕ϳ͕ϳϲͲϴϳ͘
>>Z͕͘ϮϬϬϳ͘ĞƐŝŐŶŝŶŐƚŚĞDŽďŝůĞhƐĞƌǆƉĞƌŝĞŶĐĞ͕tŝůĞǇ͘
>>Kdd/͕s͘Θ>z͕ ^͘ϭϵϵϲ͘tĂůŬŝŶŐǁĂǇ ĨƌŽŵ ƚŚĞĞƐŬƚŽƉŽŵƉƵƚĞƌ͗ŝƐƚƌŝďƵƚĞĚŽůůĂďŽƌĂƚŝŽŶ
ĂŶĚ DŽďŝůŝƚǇ ŝŶ Ă WƌŽĚƵĐƚ ĞƐŝŐŶ dĞĂŵ͘ WƌŽĐĞĞĚŝŶŐƐ ŽĨ ƚŚĞ ϭϵϵϲ D ĐŽŶĨĞƌĞŶĐĞ ŽŶ
ŽŵƉƵƚĞƌƐƵƉƉŽƌƚĞĚĐŽŽƉĞƌĂƚŝǀĞǁŽƌŬ͘ŽƐƚŽŶ͕DĂƐƐĂĐŚƵƐĞƚƚƐ͕hŶŝƚĞĚ^ƚĂƚĞƐ͗D͘
E^d͕ /͕͘ 'K>^d/E͕ ͘ <͘ Θ D͕ D͘ ϭϵϴϳ͘ dŚĞ ĂƐĞ ZĞƐĞĂƌĐŚ ^ƚƌĂƚĞŐǇ ŝŶ ^ƚƵĚŝĞƐ ŽĨ
/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐ͘D/^Y͕͘ϭϭ͕ϯϲϵͲϯϴϲ͘
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ϭϴ

KhZh͕D͘Ͳ͘ΘZKz͕͘ϮϬϬϱ͘ŶĂĐƚŝŶŐ/ŶƚĞŐƌĂƚĞĚ/ŶĨŽƌŵĂƚŝŽŶdĞĐŚŶŽůŽŐǇ͗,ƵŵĂŶŐĞŶĐǇ
WĞƌƐƉĞĐƚŝǀĞ͘KƌŐĂŶŝǌĂƚŝŽŶ^ĐŝĞŶĐĞ͕ϭϲ͕ϯͲϭϴ͘
Z͕<͘ΘE/>^E͕W͘>ĞǀĞƌĂŐŝŶŐƚŚĞWŽƚĞŶƚŝĂůŽĨDŽďŝůĞƐŝŶĞǀĞůŽƉŝŶŐŽƵŶƚƌǇ,ĞĂůƚŚ/ŶŝƚŝĂƚŝǀĞƐ͗
&ƌŽŵ /ĐƚϰĚ ƚŽ /ŶĨŽƌŵĂƚŝŽŶ /ŶĨƌĂƐƚƌƵĐƚƵƌĞƐ ϰĚ͘  /&/WtŽƌŬŝŶŐ 'ƌŽƵƉ ϵ͘ϰ͕ ϭϮƚŚ /ŶƚĞƌŶĂƚŝŽŶĂů
ŽŶĨĞƌĞŶĐĞŽŶ^ŽĐŝĂů/ŵƉůŝĐĂƚŝŽŶƐŽĨŽŵƉƵƚĞƌƐ ŝŶĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ͕DĂǇϭϵͲϮϮϮϬϭϯ
^ƵŶƐĞƚ:ĂŵĂŝĐĂ'ƌĂŶĚĞ͕KĐŚŽZŝŽƐ͕:ĂŵĂŝĐĂ͘/&/WtŽƌŬŝŶŐ'ƌŽƵƉϵ͘ϰ͕ϭϯϮͲϭϰϯ͘
h<,/͕ &͘ Θ W<E,DͲt>^,͕ E͘ ϮϬϬϳ͘ /ŶĨŽƌŵĂƚŝŽŶ dĞĐŚŶŽůŽŐǇ ĨŽƌ ,ĞĂůƚŚ ŝŶ ĞǀĞůŽƉŝŶŐ
ŽƵŶƚƌŝĞƐ͘,^d:ŽƵƌŶĂů͕ϭϯϮ͕ϭϲϮϰͲϭϲϯϬ͘
,h>'/͕ ͘ E͕͘ DKzK͕ ͘ D͕͘ <KKd͕ :͕͘ DKzK͕ ,͘ ͕͘ ^D<hE^/͕ d͘ ͕͘ <,hE'͕ &͘ D͘ Θ
EW,/E/͕ W͘ ͘ ϮϬϬϱ͘ ĞƐŝŐŶ ĂŶĚ /ŵƉůĞŵĞŶƚĂƚŝŽŶ ŽĨ Ă ,ĞĂůƚŚ DĂŶĂŐĞŵĞŶƚ /ŶĨŽƌŵĂƚŝŽŶ
^ǇƐƚĞŵŝŶDĂůĂǁŝ͗/ƐƐƵĞƐ͕/ŶŶŽǀĂƚŝŽŶƐĂŶĚZĞƐƵůƚƐ͘,ĞĂůƚŚWŽůŝĐǇĂŶĚWůĂŶŶŝŶŐ͕ϮϬ͕ϯϳϱͲϯϴϰ͘
,/'KE͕t͕͘EzDͲDhE͕D͘ΘDd&h>͕͘ ^͘ ϮϬϭϮ͘ZĞǀŝĞǁŽŶDŚĞĂůƚŚZĞƐĞĂƌĐŚ ŝŶ
ĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ͘
ZKt͕^͕͘Z^^t>>͕<͕͘ZKZd^KE͕͕͘,hz͕'͕͘sZz͕͘Θ^,/<,͕͘ϮϬϭϭ͘dŚĞĂƐĞ^ƚƵĚǇ
ƉƉƌŽĂĐŚ͘DDĞĚŝĐĂůZĞƐĞĂƌĐŚDĞƚŚŽĚŽůŽŐǇ͕ϭϭ͕ϭϬϬ͘
Z<͕ W͕͘ ^,E<^͕ '͘ Θ ZKEd͕ D͘ ϭϵϵϴ͘ ^ƵĐĐĞƐƐĨƵůůǇ ŽŵƉůĞƚŝŶŐ ĂƐĞ ^ƚƵĚǇ ZĞƐĞĂƌĐŚ͗
ŽŵďŝŶŝŶŐZŝŐŽƵƌ͕ZĞůĞǀĂŶĐĞĂŶĚWƌĂŐŵĂƚŝƐŵ͘/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐ:ŽƵƌŶĂů͕ϴ͕ϮϳϯͲϮϴϵ͘
ZE/͕ ͕͘ KZZ/>>K͕ '͕͘ :<^KE͕ :͕͘ <hDZ͕ s͘ ^͕͘ WZ/<,͕ d͘ ^͕͘ s/Z<͕ W͘ Θ >^,͕ E͘ ϮϬϭϭ͘
DŽďŝůĞWŚŽŶĞdŽŽůƐ ĨŽƌ &ŝĞůĚͲĂƐĞĚ,ĞĂůƚŚĂƌĞtŽƌŬĞƌƐ ŝŶ >ŽǁͲ/ŶĐŽŵĞŽƵŶƚƌŝĞƐ͘DŽƵŶƚ
^ŝŶĂŝ:ŽƵƌŶĂůŽĨDĞĚŝĐŝŶĞ͗:ŽƵƌŶĂůŽĨdƌĂŶƐůĂƚŝŽŶĂůĂŶĚWĞƌƐŽŶĂůŝǌĞĚDĞĚŝĐŝŶĞ͕ϳϴ͕ϰϬϲͲϰϭϴ͘
hE&KZ͕ Z͕͘ W>DZ͕ /͕͘ EsE/^d͕ :͘ Θ Zt&KZ͕ :͘ ϮϬϬϳ͘ ŽĞǆŝƐƚĞŶĐĞ ŽĨ ͚KůĚ͛ ĂŶĚ ͚EĞǁ͛
KƌŐĂŶŝǌĂƚŝŽŶĂůWƌĂĐƚŝĐĞƐ͗dƌĂŶƐŝƚŽƌǇWŚĞŶŽŵĞŶŽŶŽƌŶĚƵƌŝŶŐ&ĞĂƚƵƌĞ͍ƐŝĂWĂĐŝĨŝĐ:ŽƵƌŶĂůŽĨ
,ƵŵĂŶZĞƐŽƵƌĐĞƐ͕ϰϱ͕ϮϰͲϰϯ͘
&KhEd/E͕ :͘͘ϮϬϬϭ͘ƵŝůĚŝŶŐ ƚŚĞsŝƌƚƵĂů ^ƚĂƚĞ͗ /ŶĨŽƌŵĂƚŝŽŶdĞĐŚŶŽůŽŐǇĂŶĚ /ŶƐƚŝƚƵƚŝŽŶĂůŚĂŶŐĞ͕
ƌŽŽŬŝŶŐƐ/ŶƐƚŝƚƵƚŝŽŶWƌĞƐƐ͘
'E^E͕D͕͘WZ^,Ed͕^͘Θ:,hE:,hEt>͕͘ϮϬϭϮ͘ZĞǀŝĞǁŽŶŚĂůůĞŶŐĞƐŝŶ/ŵƉůĞŵĞŶƚŝŶŐ
DŽďŝůĞWŚŽŶĞĂƐĞĚĂƚĂŽůůĞĐƚŝŽŶŝŶĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ͘:ŽƵƌŶĂůŽĨ,ĞĂůƚŚ/ŶĨŽƌŵĂƚŝĐƐŝŶ
ĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ΀:,/΁͕ϲ͕ϯϲϲͲϯϳϰ͘
'E^E͕ D͕͘ WZ^,Ed͕ ^͕͘ DZz͕ s͘ W͕͘ :E</ZDE͕ E͕͘ :,hE:,hEt>͕ ͘ Θ
t/zEd,͕E͘ϮϬϭϭ͘dŚĞhƐĞŽĨDŽďŝůĞWŚŽŶĞĂƐĂdŽŽů ĨŽƌĂƉƚƵƌŝŶŐWĂƚŝĞŶƚĂƚĂ ŝŶ
^ŽƵƚŚĞƌŶ ZƵƌĂů dĂŵŝů EĂĚƵ͕ /ŶĚŝĂ :ŽƵƌŶĂů ŽĨ ,ĞĂůƚŚ /ŶĨŽƌŵĂƚŝĐƐ ŝŶ ĞǀĞůŽƉŝŶŐ ŽƵŶƚƌŝĞƐ
΀:,/΁͕ϱ͕ϮϭϵͲϮϮϳ͘
'^^Z͕>͘ϭϵϴϲ͘dŚĞ/ŶƚĞŐƌĂƚŝŽŶŽĨŽŵƉƵƚŝŶŐĂŶĚZŽƵƚŝŶĞtŽƌŬ͘DdƌĂŶƐ͘/ŶĨ͘^ǇƐƚ͕͘ϰ͕ϮϬϱͲϮϮϱ͘
'/^KE͕:͘:͘ϭϵϳϵ͘dŚĞĐŽůŽŐŝĐĂůƉƉƌŽĂĐŚƚŽsŝƐƵĂůWĞƌĐĞƉƚŝŽŶ͕,ŽƵŐŚƚŽŶDŝĨĨůŝŶ͘
'h/DZd/Z͕&͘ϮϬϬϯ͘WĂƉĞƌƵŐŵĞŶƚĞĚŝŐŝƚĂůŽĐƵŵĞŶƚƐ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞϭϲƚŚĂŶŶƵĂůD
ƐǇŵƉŽƐŝƵŵŽŶhƐĞƌŝŶƚĞƌĨĂĐĞƐŽĨƚǁĂƌĞĂŶĚƚĞĐŚŶŽůŽŐǇ͘sĂŶĐŽƵǀĞƌ͕ĂŶĂĚĂ͗D͘
,DZ͕'͘ ͘Θ <^T>>͕ :͘ ϮϬϬϴ͘DŽƚŝǀĂƚŝŽŶ ĂŶĚĞŵŽƚŝǀĂƚŝŽŶ͗  ĂƐĞ ^ƚƵĚǇ ŽĨ ƚŚĞDĂůĂǁŝĂŶ
,ĞĂůƚŚDĂŶĂŐĞŵĞŶƚ/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵ͘ůĞĐƚƌŽŶŝĐ:ŽƵƌŶĂůŽĨ,ĞĂůƚŚ/ŶĨŽƌŵĂƚŝĐƐ͕ϯ;ϮͿ͘
,<^͕Z͘Θ:'hE͕͘ϮϬϬϳ͘ZĞƐĞĂƌĐŚ&ŝŶĚŝŶŐƐĨŽƌĞǀĞůŽƉŵĞŶƚWŽůŝĐǇŵĂŬĞƌƐĂŶĚWƌĂĐƚŝƚŝŽŶĞƌƐ͘/Ŷ͗
DΖKZD<͕&͘ΘE/>͕>͘;ĞĚƐ͘ͿŝĚϮϭŝŶƐŝŐŚƚƐϲϵ͘ƌŝŐŚƚŽŶ͗hŶŝǀĞƌƐŝƚǇŽĨ^ƵƐƐĞǆ͘
/^dWE/E͕Z͘^͕͘:KsEKs͕͘Θ,E'͕z͘ϮϬϬϰ͘'ƵĞƐƚĚŝƚŽƌŝĂů/ŶƚƌŽĚƵĐƚŝŽŶƚŽƚŚĞ^ƉĞĐŝĂů^ĞĐƚŝŽŶ
ŽŶ DͲ,ĞĂůƚŚ͗ ĞǇŽŶĚ ^ĞĂŵůĞƐƐ DŽďŝůŝƚǇ ĂŶĚ 'ůŽďĂů tŝƌĞůĞƐƐ ,ĞĂůƚŚͲĂƌĞ ŽŶŶĞĐƚŝǀŝƚǇ͘
/ŶĨŽƌŵĂƚŝŽŶdĞĐŚŶŽůŽŐǇŝŶŝŽŵĞĚŝĐŝŶĞ͕/dƌĂŶƐĂĐƚŝŽŶƐŽŶ͕ϴ͕ϰϬϱͲϰϭϰ͘
:D/^KE͕ :͘ ͕͘ <Z>E͕ ͘ Θ Z&&>Z͕ W͘ ϮϬϭϯ͘DŝǆĞĚͲDĞƚŚŽĚ ǀĂůƵĂƚŝŽŶ ŽĨ Ă WĂƐƐŝǀĞ DŚĞĂůƚŚ
^ĞǆƵĂů /ŶĨŽƌŵĂƚŝŽŶ dĞǆƚŝŶŐ ^ĞƌǀŝĐĞ ŝŶ hŐĂŶĚĂ͘ /ŶĨŽƌŵĂƚŝŽŶ dĞĐŚŶŽůŽŐŝĞƐ Θ /ŶƚĞƌŶĂƚŝŽŶĂů
ĞǀĞůŽƉŵĞŶƚ;/d/Ϳ͕ϵ͕ϭʹϮϴ͘
:ZsEW͕^͘ >͘Θ>E'͕<͘Z͘ϮϬϬϱ͘DĂŶĂŐŝŶŐ ƚŚĞWĂƌĂĚŽǆĞƐŽĨDŽďŝůĞdĞĐŚŶŽůŽŐǇ͘ /ŶĨŽƌŵĂƚŝŽŶ
^ǇƐƚĞŵƐDĂŶĂŐĞŵĞŶƚ͕ϮϮ͕ϳͲϮϯ͘
:KE^͕D͘ϭϵϵϵ͘/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐĂŶĚƚŚĞŽƵďůĞDĂŶŐůĞ͗^ƚĞĞƌŝŶŐĂŽƵƌƐĞďĞƚǁĞĞŶƚŚĞ^ĐǇůůĂ
ŽĨŵďĞĚĚĞĚ^ƚƌƵĐƚƵƌĞĂŶĚƚŚĞŚĂƌǇďĚŝƐŽĨ^ƚƌŽŶŐ^ǇŵŵĞƚƌǇ͘/Ŷ͗>Z^E͕d͘:͕͘>s/E͕>͘Θ
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For Peer Review
ϭϵ

'ZK^^͕ :͘ /͘ ;ĞĚƐ͘Ϳ /ŶĨŽƌŵĂƚŝŽŶ ^ǇƐƚĞŵƐ͗ ƵƌƌĞŶƚ /ƐƐƵĞƐ ĂŶĚ &ƵƚƵƌĞ ŚĂŶŐĞƐ͘ EĞǁ zŽƌŬ͗
KŵŶŝWƌĞƐƐ͘
:KE^͕D͘ΘDZ^E͕'͘ϮϬϬϲ͘DŽďŝůĞ/ŶƚĞƌĂĐƚŝŽŶĞƐŝŐŶ͕tŝůĞǇ͘
<E:K͕ ͕͘ DKzK͕ ͕͘ ^dz͕ D͕͘ Z͕ :͘ Θ DhzW͕ ͘ ͘ dŽǁĂƌĚƐ ,ĂƌŵŽŶŝƐĂƚŝŽŶ ŽĨ ,ĞĂůƚŚ
/ŶĨŽƌŵĂƚŝŽŶ ^ǇƐƚĞŵƐ ŝŶ DĂůĂǁŝ͗ ŚĂůůĞŶŐĞƐ ĂŶĚ WƌŽƐƉĞĐƚƐ͘ /Ŷ͗ hEE/E',D͕ W͘ Θ
hEE/E',D͕D͕͘ĞĚƐ͘ /^dͲĨƌŝĐĂϮϬϬϵ͕ϲͲϴDĂǇϮϬϬϵhŐĂŶĚĂ͘ /ŶƚĞƌŶĂƚŝŽŶĂů /ŶĨŽƌŵĂƚŝŽŶ
DĂŶĂŐĞŵĞŶƚŽƌƉŽƌĂƚŝŽŶ>ŝŵŝƚĞĚ͘
<Z/^dK&&Z^E͕^͘Θ>:hE'Z'͕&͘DŽďŝůĞhƐĞŽĨ/ƚ͘ϮϮŶĚ/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐZĞƐĞĂƌĐŚ^ĞŵŝŶĂƌ
ŝŶ^ĐĂŶĚŝŶĂǀŝĂŽŶĨĞƌĞŶĐĞ;/Z/^ϮϮͿ͕ϭϵϵϵ<ĞƵƌƵƵ͕&ŝŶůĂŶĚ͘
>KE͕ E͕͘ ^,E/Z͕ ,͘ Θ s/h͕ ͘ ϮϬϭϮ͘ ƉƉůǇŝŶŐ Ă &ƌĂŵĞǁŽƌŬ ĨŽƌ ƐƐĞƐƐŝŶŐ ƚŚĞ ,ĞĂůƚŚ
^ǇƐƚĞŵ ŚĂůůĞŶŐĞƐ ƚŽ ^ĐĂůŝŶŐ ƵƉ DŚĞĂůƚŚ ŝŶ ^ŽƵƚŚ ĨƌŝĐĂ͘ D ŵĞĚŝĐĂů ŝŶĨŽƌŵĂƚŝĐƐ ĂŶĚ
ĚĞĐŝƐŝŽŶŵĂŬŝŶŐ͕ϭϮ͕ϭϮϯ͘
>h&&͕W͘Θ,d,͕͘ϭϵϵϴ͘DŽďŝůŝƚǇ ŝŶŽůůĂďŽƌĂƚŝŽŶ͘WƌŽĐĞĞĚŝŶŐƐŽĨ ƚŚĞϭϵϵϴDĐŽŶĨĞƌĞŶĐĞŽŶ
ŽŵƉƵƚĞƌƐƵƉƉŽƌƚĞĚĐŽŽƉĞƌĂƚŝǀĞǁŽƌŬ͘^ĞĂƚƚůĞ͕tĂƐŚŝŶŐƚŽŶ͕h^͗D͘
DZ<h^͕D͘>͘ϮϬϬϰ͘dĞĐŚŶŽĐŚĂŶŐĞDĂŶĂŐĞŵĞŶƚ͗hƐŝŶŐ/ƚƚŽƌŝǀĞKƌŐĂŶŝǌĂƚŝŽŶĂůŚĂŶŐĞ͘:ŽƵƌŶĂů
ŽĨ/ŶĨŽƌŵĂƚŝŽŶdĞĐŚŶŽůŽŐǇ͕ϭϵ͕ϰͲϮϬ͘
D'ZEZ͕:͘Θ,K͕t͘ϮϬϬϬ͘ĨĨŽƌĚĂŶĐĞƐ͗ůĂƌŝĨǇŝŶŐĂŶĚǀŽůǀŝŶŐĂŽŶĐĞƉƚ͘'ƌĂƉŚŝĐƐ /ŶƚĞƌĨĂĐĞ͕
ϮϬϬϬ͕ϭϳϵͲϭϴϲ͘
DKEd/ZK͕͘Θ,E^d,͕K͘ϭϵϵϱ͘^ŽĐŝĂů^ŚĂƉŝŶŐŽĨ/ŶĨŽƌŵĂƚŝŽŶ/ŶĨƌĂƐƚƌƵĐƚƵƌĞ͗KŶĞŝŶŐ^ƉĞĐŝĨŝĐ
ďŽƵƚƚŚĞdĞĐŚŶŽůŽŐǇ͘
EtDE͕ t͘ Θ t>>EZ͕ W͘ ϭϵϵϮ͘  ĞƐŬ ^ƵƉƉŽƌƚŝŶŐ ŽŵƉƵƚĞƌͲĂƐĞĚ /ŶƚĞƌĂĐƚŝŽŶ ǁŝƚŚ WĂƉĞƌ
ŽĐƵŵĞŶƚƐ͘WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞ^/',/ŽŶĨĞƌĞŶĐĞŽŶ,ƵŵĂŶ&ĂĐƚŽƌƐŝŶŽŵƉƵƚŝŶŐ^ǇƐƚĞŵƐ͘
DŽŶƚĞƌĞǇ͕ĂůŝĨŽƌŶŝĂ͕h^͗D͘
EKZDE͕͘͘ϭϵϵϵ͘ĨĨŽƌĚĂŶĐĞ͕ŽŶǀĞŶƚŝŽŶƐ͕ĂŶĚĞƐŝŐŶ͘ŝŶƚĞƌĂĐƚŝŽŶƐ͕ϲ͕ϯϴͲϰϯ͘
EKZDE͕͘͘ϮϬϬϮ͘dŚĞĞƐŝŐŶŽĨǀĞƌǇĚĂǇdŚŝŶŐƐ͕ĂƐŝĐďŽŽŬƐ͘
KZ>/<Kt^</͕ t͘ :͘ ϮϬϬϱ͘ DĂƚĞƌŝĂů tŽƌŬƐ͗ ǆƉůŽƌŝŶŐ ƚŚĞ ^ŝƚƵĂƚĞĚ ŶƚĂŶŐůĞŵĞŶƚ ŽĨ dĞĐŚŶŽůŽŐŝĐĂů
WĞƌĨŽƌŵĂƚŝǀŝƚǇ ĂŶĚ ,ƵŵĂŶŐĞŶĐǇ͘ ^ĐĂŶĚŝŶĂǀŝĂŶ :ŽƵƌŶĂů ŽĨ /ŶĨŽƌŵĂƚŝŽŶ ^ǇƐƚĞŵƐ͕ ϭϳ͕ ϭϴϯͲ
ϭϴϲ͘
KZ>/<Kt^</͕t͘:͘Θ /KEK͕͘^͘ϮϬϬϭ͘ZĞƐĞĂƌĐŚŽŵŵĞŶƚĂƌǇ͗ĞƐƉĞƌĂƚĞůǇ^ĞĞŬŝŶŐƚŚĞΗ/ƚΗ ŝŶ /ƚ
ZĞƐĞĂƌĐŚͶĂĂůůƚŽdŚĞŽƌŝǌŝŶŐƚŚĞ/ƚƌƚŝĨĂĐƚ͘/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐZĞƐĞĂƌĐŚ͕ϭϮ͕ϭϮϭͲϭϯϰ͘
Ky&KZ /d/KEZ/^͘ ϮϬϭϯ͘ ĞĨŝŶŝƚŝŽŶ ŽĨ DŽďŝůŝƚǇ ŝŶ ŶŐůŝƐŚ ΀KŶůŝŶĞ΁͘ KǆĨŽƌĚ hŶŝǀĞƌƐŝƚǇ WƌĞƐƐ͘
ǀĂŝůĂďůĞ͗ ŚƚƚƉ͗ͬͬŽǆĨŽƌĚĚŝĐƚŝŽŶĂƌŝĞƐ͘ĐŽŵͬĚĞĨŝŶŝƚŝŽŶͬĞŶŐůŝƐŚͬŵŽďŝůŝƚǇ ΀ĐĐĞƐƐĞĚ ϮϮŶĚ :ƵůǇ
ϮϬϭϯ΁͘
WEd>E͕͘ d͘Θ&>DE͕D͘ ^͘ ϮϬϬϴ͘ĞƐŝŐŶŝŶŐ ZŽƵƚŝŶĞƐ͗KŶ ƚŚĞ &ŽůůǇŽĨĞƐŝŐŶŝŶŐƌƚŝĨĂĐƚƐ͕
tŚŝůĞ,ŽƉŝŶŐĨŽƌWĂƚƚĞƌŶƐŽĨĐƚŝŽŶ͘/ŶĨŽƌŵĂƚŝŽŶĂŶĚKƌŐĂŶŝǌĂƚŝŽŶ͕ϭϴ͕ϮϯϱͲϮϱϬ͘
Z/^͕͘Θ&/E,K>d͕d͘͘ϮϬϬϵ͘dŚĞ>ŽŶŐEŽǁŽĨdĞĐŚŶŽůŽŐǇ/ŶĨƌĂƐƚƌƵĐƚƵƌĞ͗ƌƚŝĐƵůĂƚŝŶŐdĞŶƐŝŽŶƐŝŶ
ĞǀĞůŽƉŵĞŶƚ͘:ŽƵƌŶĂůŽĨƚŚĞƐƐŽĐŝĂƚŝŽŶĨŽƌ/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐ͕ϭϬ͕ϯϳϱͲϯϵϴ͘
ZKz͕͘ΘKhZh͕D͘Ͳ͘ϭϵϵϵ͘ĐĐŽƵŶƚŝŶŐĨŽƌƚŚĞŽŶƚƌĂĚŝĐƚŽƌǇKƌŐĂŶŝǌĂƚŝŽŶĂůŽŶƐĞƋƵĞŶĐĞƐ
ŽĨ /ŶĨŽƌŵĂƚŝŽŶ dĞĐŚŶŽůŽŐǇ͗ dŚĞŽƌĞƚŝĐĂů ŝƌĞĐƚŝŽŶƐ ĂŶĚ DĞƚŚŽĚŽůŽŐŝĐĂů /ŵƉůŝĐĂƚŝŽŶƐ͘
/ŶĨŽƌŵĂƚŝŽŶ^ǇƐƚĞŵƐZĞƐĞĂƌĐŚ͕ϭϬ͕ϭϲϳͲϭϴϱ͘
ZK^͕ :͘ Θ :KE^͕ D͘ ϮϬϬϱ͘ dŚĞ ŽƵďůĞ ĂŶĐĞ ŽĨ ŐĞŶĐǇ͗  ^ŽĐŝŽͲdŚĞŽƌĞƚŝĐ ĐĐŽƵŶƚ ŽĨ ,Žǁ
DĂĐŚŝŶĞƐĂŶĚ,ƵŵĂŶƐ/ŶƚĞƌĂĐƚ͘^ǇƐƚĞŵƐ͕^ŝŐŶƐΘĐƚŝŽŶƐ͕ϭ͕ϭϵͲϯϳ͘
^EEZ͕d͘͕͘ZK>E͕>͘<͘ΘZ͕<͘ϮϬϭϮ͘&ƌŽŵWŝůŽƚƚŽ^ĐĂůĞ͗dŽǁĂƌĚƐĂŶDŚĞĂůƚŚdǇƉŽůŽŐǇĨŽƌ
>ŽǁͲZĞƐŽƵƌĐĞŽŶƚĞǆƚƐ͘,ĞĂůƚŚWŽůŝĐǇĂŶĚdĞĐŚŶŽůŽŐǇ͕ϭ͕ϭϱϱͲϭϲϰ͘
^/E͕D͘<͘Θ,Z/EZEd,͕'͘ϮϬϬϰ͘ŽŶĐĞƉƚƵĂůŝǌŝŶŐƚŚĞ/ĐƚƌƚŝĨĂĐƚ͗dŽǁĂƌĚhŶĚĞƌƐƚĂŶĚŝŶŐƚŚĞ
ZŽůĞŽĨ/ĐƚŝŶEĂƚŝŽŶĂůĞǀĞůŽƉŵĞŶƚ͘dŚĞ/ŶĨŽƌŵĂƚŝŽŶ^ŽĐŝĞƚǇ͕ϮϬ͕ϭϱͲϮϰ͘
^>>E͕͘:͘Θ,ZWZ͕Z͘,͘ϮϬϬϯ͘dŚĞDǇƚŚŽĨƚŚĞWĂƉĞƌůĞƐƐKĨĨŝĐĞ͕D/dƉƌĞƐƐ͘
^,K/͕ E͕͘ WKdd^͕ ͘ ΘDK^dZdͲW,/WW^͕ E͘ ϮϬϭϮ͘  ^ŽĐŝŽͲdĞĐŚŶŝĐĂů WĞƌƐƉĞĐƚŝǀĞ ŽŶ ƚŚĞ hƐĞ ŽĨ
DŽďŝůĞWŚŽŶĞƐ ĨŽƌZĞŵŽƚĞĂƚĂŽůůĞĐƚŝŽŶ ŝŶ,ŽŵĞŽŵŵƵŶŝƚǇĂƐĞĚĂƌĞ ŝŶĞǀĞůŽƉŝŶŐ
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ϮϬ

ŽƵŶƚƌŝĞƐ͘/Ŷ͗WKW^hͲ>d/E͕Z͕͘:KE^͕<͕͘Z/͕/͕͘'>/d,K͕Z͘Θs/>>&/KZ/d͕͘;ĞĚƐ͘ͿͲ
/ŶĨƌĂƐƚƌƵĐƚƵƌĞĂŶĚͲ^ĞƌǀŝĐĞƐĨŽƌĞǀĞůŽƉŝŶŐŽƵŶƚƌŝĞƐ͘^ƉƌŝŶŐĞƌĞƌůŝŶ,ĞŝĚĞůďĞƌŐ͘
^,hKE'͕t͘Θ,/''/E^͕D͘ϮϬϬϲ͘>ŝŵŝƚĂƚŝŽŶƐŽĨDŽďŝůĞWŚŽŶĞ>ĞĂƌŶŝŶŐ͘dŚĞ:>d>>:ŽƵƌŶĂů͕Ϯ͕
ϯͲϭϰ͘
^d/&>DE͕>͘:͘ϭϵϵϲ͘ƵŐŵĞŶƚŝŶŐZĞĂůͲtŽƌůĚKďũĞĐƚƐ͗WĂƉĞƌͲĂƐĞĚƵĚŝŽEŽƚĞďŽŽŬ͘ŽŶĨĞƌĞŶĐĞ
ŽŵƉĂŶŝŽŶŽŶ,ƵŵĂŶ&ĂĐƚŽƌƐŝŶŽŵƉƵƚŝŶŐ^ǇƐƚĞŵƐ͘sĂŶĐŽƵǀĞƌ͕ƌŝƚŝƐŚŽůƵŵďŝĂ͕ĂŶĂĚĂ͗
D͘
d,KEKD/^d͘ϮϬϬϴ͘dĞĐŚŶŽůŽŐǇĂŶĚĞǀĞůŽƉŵĞŶƚ͗dŚĞ>ŝŵŝƚƐŽĨ>ĞĂƉĨƌŽŐŐŝŶŐ΀KŶůŝŶĞ΁͘ǀĂŝůĂďůĞ͗
ŚƚƚƉ͗ͬͬǁǁǁ͘ĞĐŽŶŽŵŝƐƚ͘ĐŽŵͬŶŽĚĞͬϭϬϲϱϬϳϳϱ΀ĐĐĞƐƐĞĚϱƚŚ:ƵŶĞϮϬϭϯ΁͘
t>^,D͕'͘ϭϵϵϱ͘ /ŶƚĞƌƉƌĞƚŝǀĞĂƐĞ^ƚƵĚŝĞƐ ŝŶ /ƐZĞƐĞĂƌĐŚ͗EĂƚƵƌĞĂŶĚDĞƚŚŽĚ͘Ƶƌ : /ŶĨ^ǇƐƚ͕ϰ͕
ϳϰͲϴϭ͘
t/>EDEE͕ ͘ ϮϬϬϯ͘ŽŝŶŐDŽďŝůŝƚǇ͘ ŽĐƚŽƌĂů ƚŚĞƐŝƐ͕ 'ƂƚĞďŽƌŐ hŶŝǀĞƌƐŝƚǇ͘ ^ĐŚŽŽů ŽĨ ƵƐŝŶĞƐƐ͕
ĐŽŶŽŵŝĐƐĂŶĚ>Ăǁ͘

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7DEOH9LHZVRQ0RELOLW\±$GDSWHGIURP:HLOHQPDQQSS
 6WXG\IRFXV &RQFHSWVLQXVH
 7KHPRYHPHQWRIDUWHIDFWVDURXQGDVPDOODWKDQG
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ABSTRACT
This study investigates a mobile health project launched in Malawi and considers its 
sustainability in light of activities that occur in the pilot stage. It has been said that most 
projects of this nature fail during piloting hence it is pertinent to review the activities in this 
early stage. The study follows a grounded theory inspired research approach and is focused 
on the day to day breakdowns that occur in the pilot, what they reveal, and how the 
resolutions relate to the project’s goals. It is found that when breakdowns occur, an 
articulation process to sustain the intervention becomes visible. Breakdowns can reveal 
tensions in the technical design and organisational context thereby offering opportunities for 
action in order that an intervention is sustained. The ensuing activity, for analytical purposes, 
is termed articulation work, and its variety and limitations are explained. In this study we 
discover two categories of articulation work, technological and human. Further to this, we 
argue that these two categories of articulation work can be further analysed into different 
dimensions, based on the levels of organizational involvement required to resolve them: (i) 
localised; (ii) multiple levels within a single organization; (iii) and multiple levels inter-
organizational.
KEYWORDS: breakdowns, articulation work, sustainability, developing nations, intervention, 
grounded theory, information infrastructures, mobile health 
1. INTRODUCTION
There is a global drive to improve the Health Information Systems (HIS) of developing 
nations as it is recognised that they have a critical role to play in the provision of primary 
healthcare services (Braa, 2004). The initiatives are driven by the persistent concerns that 
current systems are collecting irrelevant information, the quality of data gathered is poor, 
there is duplication of efforts due to fragmentation, data is not received in a timely manner, 
and the information gathered is not used for decision making (Chaulagai et al., 2005; 
Lippeveld et al., 2000). However, designing and implementing health information systems to 
address these and other issues is a complex task. Numerous reasons have been given for this, 
such as the failure to change underlying organisational structures (Sahay et al., 2010; Silva 
and Hirschheim, 2007), a mismatch between adopted approaches and context (Cho et al., 
2008; Puri et al., 2004) and the challenges of harnessing activities across networks of 
stakeholders with their diverging interests (Braa, 2004). In an effort to address these 
constraints, mobile technologies are espoused to have capabilities suited to the low resource 
contexts of developing countries (Sanner et al., 2012).  
Mobile technologies have proliferated globally, with developing nations 
demonstrating exceptionally high adoption and growth rates (Sanner et al., 2012). The mobile 
device is useful for transcending the spatial and temporal limitations imposed by rural 
settings in poor countries. Healthcare delivery systems in these nations are thereby concerned 
with the increasing usage of this technology to ease the challenges they face (Asangansi et 
al., 2013; Chigona et al., 2012; Sanner et al., 2012; Shozi et al., 2012). However, as 
highlighted by Arnold (2003), mobile technology can behave in paradoxical ways which are 
not anticipated when it is introduced in organisational contexts. This evident paradox is 
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characterised as a mythological god called Janus who was cursed with looking forward and 
backwards at the same time. In our case, mobile technology was introduced with the goal of 
minimising the challenges of health work in situations of resource limitation, yet the 
maintenance of mobile technology is challenging in rural and under-developed urban 
locations where poverty is rampant. With such interventions, there is the risk that "work
routines are often destroyed and replaced with much less flexible and more expensive 
solutions" (Berg, 1999, p. 96). In the broader context of human development, wherein health 
care provision is implicated, Escobar (2011) contends that the countries to which 
development aid is directed often have limited participation and control in rationalising the 
interventions. He concludes therefore that these interventions might themselves be implicated 
in the increase of poverty. 
This study describes one such intervention in Malawi that was meant to extend the 
reach of the public health information system through the design and implementation of 
mobile technology based tools. It demonstrates how the micro-processes of domesticating 
mobile technology for the local setting are related to the broader context, implicating 
individuals, settings and resources far removed from the sites of implementation. We utilise 
the concept of ‘information infrastructure’ (Hanseth and Lyytinen, 2010) to illuminate the 
range of challenges and breakdowns that occur in implementing the technology. We further 
describe and categorise the articulation work that is undertaken to keep the project afloat and 
seek to surface the meaning of these activities for the sustainability of intervention. Through 
the use of these concepts we capture the broader socio-technical context of design and 
implementation of the system. Opportunity is an often overlooked aspect shaping the 
evolution of technology, yet it is implicit in the challenges that are faced. The study therefore 
conceptualises breakdowns, and the opportunities for articulation work that emerge along 
with the structural constraints determining the type of activities possible. More specifically, 
the study offers a multi-layered approach to discussing the nature of breakdowns, i.e. human 
or technical; levels of organization at which they might occur, and related implications on 
required articulation work and strategies to negotiate them. 
1.1  Related Work 
Given the tendency in IS research to overly focus on the potential of mobile technology, 
recent studies have called for a more holistic approach to mobile health implementation 
management, citing implementation failures, especially in relation to attempted scale-up 
efforts (Braa and Nielsen, 2013). Studies in large scale information systems have also 
narrowly focussed on the implementation aspects of technology separately from design 
(Pollock and Williams, 2008). Pollock and Williams (2008) bemoan the prevalence of what 
they term flat ethnographic studies, which seek to explain technology by looking only at the 
context of use at the expense of the broader socio-technical context in which they are 
embedded. To address these concerns, this study is conducted by researchers who engage 
with the varied breath of stakeholders in a technology implementation, from its designers to 
its users, across organisational and national boundaries, including its global context. The 
work contributes towards building an understanding on developing mobile systems meant to 
scale across multiple sites in different nations. It is also suited to address Pozzebon and 
Pinsonneault (2005, p. 125), who in discussing the implementation of generic software 
packages assert that the “nature of the process by which global and local are negotiated is 
still poorly understood”. This persistent challenge necessitates the usage of a more 
encompassing socio-technical perspective, particularly the information infrastructural lens 
(Hanseth and Lyytinen, 2010), which is not common within the discourse on mobile 
healthcare technologies.In our study, we make the particular connection between articulation 
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work and the processes through which generic software comes to work across contexts and in 
local settings.  
The study also pays attention to the perculiar context of Malawi, a developing nation 
facing unique challenges, thereby contributing to the broader discourse on IT and human 
development. Malawi is considered amongst the least developed nations, with a population 
growth rate that occurs in the foreground of a constrained infrastructural base. It consequently 
ranks poorly on global health indicators such as infant mortality rate and life expectancy. The 
health information system is highly fragmented thereby affecting the quality of the data that 
is used to make essential health decisions (Kanjo, 2012). Furthermore, while work in 
information systems has scarcely focussed on theoretical contributions, and has relied on 
existing concepts from sociology and other cognate disciplines, often in a descriptive manner 
(Matavire and Brown, 2011), our study makes a grounded theoretical contribution which is 
practically relevant to the context of research. In the following section, we proceed by 
providing a background of the theoretical concepts utilised in our research. After that, an 
outline of the chosen research method is given, including the analytical procedures used. A 
description of the case is then provided, followed by findings leading into the conclusion. 
1.2  Breakdowns, Information Infrastructures and Articulation Work 
Breakdowns in technology projects offer unique opportunities for understanding the context 
in which they are employed (Fischer, 2004). They also increase the visibility of stakeholders 
in an intervention and constitute interesting and overlooked sites of local innovation that may 
support acts of sustaining, extending and tailoring, as well as repurposing extant 
infrastructure (Jackson et al., 2012; Rosner et al., 2013). Breakdowns raise important 
questions about the fit and transformational role of a technology within an organisation. They 
become “the basis for a much more detailed understanding of the relational nature of 
infrastructure” (Star, 1999, p. 382). This means that breakdowns of technology can be useful 
in understanding the infrastructural context of their application. Infrastructure here is 
considered as information infrastructure, which is a socio-technical system of IT capabilities 
existing amongst stakeholders, including users and designers (Hanseth and Lyytinen, 2010). 
Since technological capabilities are constantly changing and stakeholders participation is 
fluid over time, an information infrastructure is also considered as evolving (Hanseth and 
Lyytinen, 2010). In the context of developing nations, the evolution of IT capabilities is not 
continuous but is punctuated by short periods of significant change with long periods of 
relative stasis (Njihia and Merali, 2013; Silva and Hirschheim, 2007). To explain the inability 
of a health systems intervention to be sustained, Silva and Hirschheim (2007) also note the 
importance of changing the underlying deep structures of organisations. In attempting to 
understand the underlying structures of systems, it is important to note that a defining feature 
of an information infrastructure is its invisibility, except during breakdown (Star, 1999). 
Breakdowns are not a phenomenon that is unique to projects in under-developed 
contexts. According to Strauss (1988), p. 172, "all projects have the potential for breakdown 
and repair; moreover, some degree of monitoring and rectifying of the fitting together of 
work is likely to be occurring at every phase of a project and at various levels of project 
organization". What is unique therefore, are the idiosyncrasies of the context within which 
health information systems interventions occur (Puri et al., 2004); particularly in regards to 
issues that have been associated with under-development, that is the low literacy rates and 
poor access to electricity such as obtains in the case of Malawi. Breakdowns in the flow of 
activity are known, across differing philosophical traditions, to have the capability of 
revealing the nature of the world around, particularly the resources essential to the 
performance of a task (Jackson et al., 2012; Koschmann et al., 1998). A consideration of 
resources is elemental to the development of systems within the context of developing 
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nations, even as that might be, as in this case, constructed through a socio-technical lens. 
Looking at breakdowns in interventions has the benefit of allowing the analyst to look not 
only at the technology, but also at the activity for which the technology is implicated 
(Koschmann et al., 1998). When breakdowns occur, re-alignment of tasks, resources and 
agents is important in getting the project back on track (Baker and Millerand, 2007). This re-
alignment can be in the form of “making do” or “workarounds” to get the project work to 
continue, or can be an occasion for “institutional rearrangements” (Strauss, 1988). 
Breakdowns emerge as an opportunity for building networks in the project’s ecology (Mark, 
2012). The management of breakdowns occurs through negotiation (Strauss, 1985). We 
demonstrate that, it is through choices available and decisions made in the event of 
breakdowns that intervention projects can be institutionalized in developing countries. In 
particular, we find articulation work being a dominant and approachable strategy for 
resolving breakdowns.
In the context of approaches that users adopt in stabilising technology within their 
context we find concepts like bricolage, improvisation and articulation work (Ciborra, 2002; 
Humphry, 2011). Bricolage is a concept that illustrates the collage created by users when they 
utilise seemingly useless bits and pieces of artefacts in their context to enable them to engage 
in routine work (Ciborra, 2002). The concept has been used to describe user activities in the 
appropriation of health technologies (Braa and Hedberg, 2002). In comparison, 
improvisation, while related to bricolage tends toward the consideration of activities that 
sustain routines in the face of the isolated and unexpected. Articulation work, on the other 
hand, is work that is usually unaccounted for in organisations yet it is critical to ongoing 
project activities. The concept refers to those tasks that are undertaken to facilitate the co-
ordination of work. An important character of articulation work, in comparison to other 
concepts used in explaining the boundaries of information systems like bricolage and 
improvisation (Ciborra, 2002), is how it demonstrates the limited control that actors have in 
enacting routines within their context (Humphry, 2011). Articulation work, given its 
relationship to breakdowns, can be conspicuous since it brings a situation to visibility when 
re-alignment is possible or obstructive if no clear solution is available (Koschmann et al., 
1998). In the service of workflow, the work of articulation is often assigned to specific 
organizational units, yet it is sometimes the case that these tasks are performed by people 
whose role is not primarily the maintenance of a technology, such as its users. Articulation 
work is also represented as invisible work since it is not visible except in instances of 
breakdown (Suchman, 1995). According to Star (1991) as referenced by Star and Strauss 
(1999), p. 10, ‘articulation work’ is work that “gets things back ‘on track’ in the face of the 
unexpected, and modifies action to accommodate unanticipated contingencies”. It refers to 
“the specifics of putting together tasks, task sequences, task clusters -even aligning larger 
units such as lines of work and subprojects- in the service of workflow” (Strauss, 1988, p. 
164). Articulation work is a “critical factor in information infrastructure building projects 
that involve multiple and diverse communities” (Baker and Millerand, 2007). Infrastructure 
often requires articulation work to enable its continued functioning, as it contributes toward 
maintenance and transformation of novel technological offerings into quality systems that 
support everyday productivity (Bowker et al., 2010; Ribes and Finholt, 2009). 
In our review of literature, particularly in the domain of health information systems, 
we have not found a study that elaborates the complex relationships between breakdowns, 
articulation work and information infrastructures. In the following section, we elaborate on 
the research method chosen for this study, provide an analytical case description, elaborate 
the findings and offer our analysis and discussion, rounding off with what it means for further 
work in the concluding section. 
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2. RESEARCH METHOD
2.1 Research Approach 
Primarily, the research is inspired by Grounded Theory Methodology (GTM) (Glaser, 1978; 
Glaser and Strauss, 1967). GTM is an inductive research methodology that gives primacy to 
empirical material by seeking to let the theory emerge and the data proverbially ‘speak for 
itself’ (Alvesson and Sköldberg, 2009). Over time, the methodology has evolved into two 
distinct approaches, given the divergent paths taked by its originators. It has hence been a 
subject of contention, even within the information systems discipline (Matavire and Brown, 
2011). Epistemologically, this research is interpretive and the researchers sought to obtain 
meaning from observations made in the data (Klein and Myers, 1999). GTM is rich in 
techniques for data analysis applicable to the social sciences and has been widely applied in 
interpretive information systems research (Matavire and Brown, 2011). Following GTM 
inspired techniques, preliminary concepts codifying the data were generated. Explanatory 
concepts were considered from a parallel literature review and integrated into the analysis. 
The usage of existing concepts to explain phenomenon in a grounded theory study is not in 
conflict with its original tenets (Glaser and Strauss, 1967). The reflexive usage of grounded 
theory methodology, without full adoption, is also widespread in social science research 
(Alvesson and Sköldberg, 2009). It is also a common approach within the Information 
Systems discipline (Matavire and Brown, 2011).The particular techniques from Grounded 
Theory Methodology (GTM) used were open coding, selective coding, theoretical coding and 
memoing with the overarching technique of constant comparative analysis applied. Open 
coding is the line by line analysis of documents like field notes, interview transcripts and 
recordings to identify categories in the data. Selective coding is the inclusion and exclusion 
of codes to enable theoretical focus. Theoretical coding is the integration of categories into 
sound concepts through making the relationships between them explicit (Matavire and 
Brown, 2011). Constant comparative analysis refers to comparing instances of concepts to 
others found within the data and literature in order to discover their dimensions or properties. 
Memos were also written to explore ideas which illuminated the empirical occurrences. It is 
important to highlight that the usage of grounded theory was merely analytical due to the 
constraints of applying the full methodology to a study of an ongoing action research project, 
where different actors work together despite the diversity of their research approaches. The 
analytical usage of grounded theory is common in information systems research (Matavire 
and Brown, 2011). 
2.2 Data Collection and Analysis 
While the mobile health system was piloted in Malawi starting from December 2011, this 
particular paper is developed from data jointly collected in the follow up stage with 
reflections on earlier activities. The second author has also been involved in the day-to-day 
running of the project from its inception. Field work was performed by both authors, within 
the context of a research pilot project, from April 2012 to May 2012 in a period of 6 weeks. 
Additional data was collected from interactions through to November 2012, making the span 
on data collection 8 months. The predominant qualitative data collection methods were 
observation, individual and focus group interviews. Email and SMS conversations 
highlighting the challenges of the project from its onset were also analyzed along with bug 
reports and processes for their resolution. Interviews with key personnel were also conducted. 
Five full day focus groups were organized in this period, with participants consisting of 
Statisticians, Health Surveillance Assistants, Statistical Clerks, Village Clinic Officers and 
Health Officers. Health Surveillance Assistants are responsible for collecting information 
within the community. Due to technical reasons, four focus groups have been considered in 
this analysis as shown in Table 1, below. Initial rigor in open coding generated a multitude of 
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concepts by “running the data open”, however in later field notes, the approach was less open 
as concepts like articulation work were explored further. A literature review was undertaken 
to theoretically elaborate the codes. Focus groups helped to understand the challenges that the 
workers faced in their activities, mobile health technology usage, and on how the devices 
could be extended to support other aspects of their work. Field notes were the primary 
strategy for collecting the data and emergent ideas were pursued. Some interviews were also 
audio-recorded, with the permission of informants. Memos were used to reflect on 
observations, interview and theoretical ideas. 
Table 1: Focus Group Participants
Focus Group Health Facility Type # of Participants Designation
Group 1 Ministry of Health 
Headquarters
3 HMIS Management 
Group 2 Health Centre 11 Health Surveillance 
Assistants (HSAs), 
Senior HSA, Statistical 
Clerk, Village Clinic 
Officers 
Group 3 Health Centre 3 Health Officer, HSAs 
Group 4 Health Area (A unit 
administering a collection of 
health centres) 
2 Senior HSA, HAS 
Some of the collected data was loaded into QSR-NVivo, a qualitative data analysis 
software which is compatible with grounded theory research (Hutchison et al., 2010). In 
particular, field notes and interview notes were loaded into QSR-NVivo, and open coded for 
categories. Memos were taken when ideas about the data came through discussion among 
authors and were also linked to the relevant categories in the software. It is through these 
discussions that the issue of articulation work was found to have strong explanatory power as 
pertaining to the issues arising and the desired outcome of the work, which is 
institutionalization of mobile technology in a healthcare setting. Detailed memos were also 
developed outside the software through an incremental memo sorting process as theoretical 
ideas were integrated with the discussion. QSR-NVivo was therefore not used extensively. 
3.  CASE DESCRIPTION
3.1 Initial Organisation 
This study was concerned with a mobile HIS pilot project initiated in Malawi to support the 
capturing of routine indicator data at health facilities administered by the Ministry of Health. 
At the time of the pilot, the ministry was engaged with the Health Information Systems 
Program (HISP), for which the authors are members, to facilitate migration from the 
standalone desktop based information system, DHIS 1.3, to the web based DHIS2. Data 
collection was done on paper registers at the level of health facilities, and these were sent for 
collation into DHIS 1.3 at the district level and further sent in electronic format to the 
national level. Numerous challenges therefore existed in sending data from the facilities by 
paper, particularly in the cases of rural health facilities where transport is scarce and road 
infrastructure is poor. It is in this context that the case for mobile data capturing at the level 
of health facilities was proposed, particularly since the DHIS2 software had mobile 
functionality integrated into it.  
Work on the pilot started in late 2011, where strategies were formulated pertaining to 
how the hoped-for nationwide rollout would proceed. Discussions were held amongst key 
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members of the project team and relevant officials from the Ministry of Health, particularly 
members of the Central Monitoring and Evaluation Division (CMED). The project entailed 
the deployment of DHIS Mobile; a suite of mobile device based aggregate data capturing 
tools that utilize different technologies including internet browsers, Java (J2ME), and SMS. 
The J2ME mobile client runs on Java enabled phones and could be configured to use either 
SMS or internet traffic. The pilot in Malawi was undertaken for the J2ME and browser based 
DHIS Mobile solutions in 17 health facilities that fell under two of five health areas in 
Lilongwe district. Lilongwe city is the capital of Malawi, and the district encompasses some 
rural areas. The mobile J2ME and browser solutions in this case required GPRS connectivity 
to support data transfer between users and an online server. A monthly facility and a weekly 
disease surveillance report were chosen for the pilot. 20 Nokia C2-00 mobile phones were 
acquired from India based on a notable price difference in acquiring the devices from 
Malawi. Training was agreed for two representatives from each facility, where a requirement 
for at least one of them to be a statistical data clerk was made. Statistical clerks are 
employees of the Ministry of Health in Malawi whose responsibility is the management of 
health facility data. It was noted later that some facilities had no statistical clerks, and chose 
to fill the vacancy from the pool of Health Surveillance Assistants (HSAs) assigned to health 
facility catchment areas. In another instance, a data entry clerk who had been trained on the 
mobile technology had left the health facility, and no one had replaced him. This mobility 
was not an unusual scenario and often the health facilities responsible for supervising the 
work of HSAs can choose a replacement amongst them. The statistical clerk position was 
usually filled by school leavers, while the HSAs underwent additional training. A post-paid 
contractual arrangement was entered into with a mobile provider in order to ensure central 
bill payment and to permit cost analysis, specifically pertaining to data usage in line with 
research objectives. However, it was always envisioned that the project aimed at addressing 
real challenges experienced at health facilities and its sustainability was a stated and 
motivating goal. 
3.2 Breakdowns 
3.2.1 Mobile Device and Server Configuration 
As the organisation and functionality of the intervention emerged, configuring mobile devices 
for the mobile network was initiated. This included the purchase of SIM cards, applying 
internet connectivity settings, creating data entry forms, installing the J2ME client, creating 
user names, and testing. It is during this early stage that the conceptualised intervention 
started to face problems, initially that the India acquired phones were not compatible with the 
host mobile network. The devices could not be configured for data packet access using 
configuration files from the service provider. Technical discussions ensued where a range of 
specialists were engaged to configure the devices to work in Malawi. This was not fruitful 
because of the persistence of the device and network conflict. A decision was made to acquire 
a different local model of devices which had been confirmed to be configurable within this 
context. While this was ongoing, training had to be re-scheduled, to the chagrin of 
participants. Configuration of the online server instance to be used for the pilots progressed 
much slower than expected, as efforts depended to a significant extent on a resource team, 
resident in Blantyre, some 300 km away. Coordinating tasks with the team proved to be more 
challenging than anticipated. Face-to-face meetings with the system administrators were 
difficult to arrange which was exacerbated by prevailing nationwide fuel shortages at the time 
of implementation. 
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3.2.2 Mobile Service Provider Interactions 
Earlier in the project, a post-paid subscriptions package with the mobile service provider had 
been selected. Insomuch as this arrangement permitted central administration of phone 
subscriptions and access to data usage summaries for research, it posed some challenges. 
With post-paid subscriptions, the available package meant that voice calls had to be capped to 
avoid excessive bills. This limited the capacity of phone users. With pre-paid subscriptions 
the phone users would have had the option of purchasing additional phone credit from 
numerous sale points. Furthermore, issues with ‘packed up’ SIM cards or call service 
unavailability arose for some users. The chosen service provider also delayed in refreshing 
call credit at the beginning of each month. The challenges proved difficult to resolve because 
of the organisational setup within the provider. The contact persons were service personnel 
who depended on their colleagues in the provider’s IT department to resolve the pilot 
project’s technical concerns. There was limited direct contact with the IT personnel, which 
made it challenging to resolve critical technical issues. Interactions with the contact persons 
revealed that they lacked authority to push for resolutions from the provider. For instance, at 
one point the mobile provider contact had to call an IT person and ask for an explanation as 
to why it had taken long to cap voice calls as agreed. The request was refused, yet the issue 
was subsequently resolved; after five months of piloting had elapsed. 
3.2.3 Mobile Application Usage for Data Entry 
The conversation below, between one of the authors and a participant enrolled in the pilot, 
demonstrates some of these challenges: 
UserX: “My number is ... am unable to SMS, make or receive calls” (17 October 2012) 
UserX: “Just want to remind you about my issue...my number is ...Am unable to SMS, make 
or receive calls” (18 October 2012) 
Author: “I have presented the issue to [mobile service provider]. I am waiting for their 
feedback” (18 October 2012) 
UserX: “Evening, the [mobile service provider] people have not rectified my 
problem...unable to call or SMS...pliz assist”(5 November 2012) 
All the messages from UserX were forwarded to our contact person, for action. Such 
challenges could be minimised with the use of pre-paid cards as they can be acquired from 
vendors countrywide. Modalities to switch from post-paid mode of subscription to pre-paid 
were initiated. A sticky point is the management of the allocation of Internet data bundles for 
participants. The mobile service operator had no service that allowed subscribers to share 
data bundles. There was a need to push call credit to the devices which recipients needed to 
manually convert to data bundles. Another challenge is that the cheaper data bundles 
targeted, had limited validity periods, a day in most cases. There were ongoing negotiations 
for a solution with the mobile service provider. While longer term strategies to resolve these 
problems are preferred, it is also important to highlight an occasion where users articulated a 
resolution. The pilot was also designed to compare usability between the J2ME and browser 
based clients in low resource settings. All participants were trained in the use of the browser 
based solution while a group from one Health Area received additional training in the use of 
the J2ME client. During the process of data entry in the latter group, when the J2ME client 
experienced connectivity problems, some participants shifted to the browser based 
application. This is important since it creates the possibility to install multiple clients on user 
devices such that they can shift from one to another to resolve breakdowns. 
3.2.4 Ministry of Health Project Coordination 
As previously noted, piloting was started in a period during which the Ministry of Health was 
attempting to migrate from a desktop-based DHIS1.3 to the internet and central server based 
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DHIS2 solution. The pilot project was utilising an online national DHIS2 server, but the 
Ministry of Health Central Monitoring and Evaluation Division (CMED), which was at the 
centre of the proposed migration efforts, was yet to shift from DHIS1.3. There was no 
seamless metadata, data element and indicator export functionality between DHIS1.3 and 
DHIS2. The implication of this is that all district health offices in Malawi, including our pilot 
district were required to send their data to CMED in a DHIS 1.3 compliant format. Although 
CMED intended to move to DHIS2, they lacked financial and technical capacity to push the 
migration forward. For example, the Ministry of Health Headquarters had a single IT officer 
in their hierarchy, whose focus was not on the national health information system. It was 
found that the bureaucracy in applying for the creation of a new IT position in the Ministry 
hampered the efforts. Therefore, migration of data from DHIS1.3 to DHIS2 was dependent 
on the DHIS team in another city. Financial support for the migration was dependent on 
multiple implementation partners, with their own timelines and organisational arrangements 
to adhere to. Each external donor agency or parallel program had its own organisational 
priorities, which did not uniformly represent the problems on the ground. For instance, in one 
scenario, 18 districts had multiple donors willing to support ongoing HIS efforts, whilst the 
other 10 districts had none at all. Donor organisations only operated within certain districts 
that they had targeted to achieve the greatest impact according to their internal organisational 
goals. Thus, while the goal is integration of data processes, spatial fragmentation still persists 
due to uneven distribution of HIS resources. To counter such challenges, some working 
groups were put in place by the Ministry of Health and its partners. For example, a 
Monitoring and Evaluation (M and E) Technical Working Group was mandated to establish 
appropriate standards for integration. Within the working group, a mHealth forum with the 
membership of the various organisations running mobile interventions in the health sector of 
Malawi was established after the pilot was started. It is through this forum that key questions 
about the sustainability of projects could be negotiated. For instance, a key concern that arises 
in the design of technology for health is, if it works, “who is going to pay for it”? The mobile 
devices need airtime to be enabled for data access on a regular basis and it was therefore 
anticipated that negotiations with mobile providers can occur at the level of the Technical 
Working Group.
3.2.5 Global Development and Local Requirements 
At the time of implementation, the DHIS Mobile platform used was rapidly evolving to 
support varying requirements from the parent project's multiple implementations in various 
countries. This introduced instabilities in the platform. For example, at one point, in 
upgrading to a newer DHIS2 server instance, it was discovered that compatibility with a 
mobile J2ME reporting client supported by the previous version had been lost. This was 
temporarily resolved by backwardly synchronising server instance releases with available 
mobile client releases, which was satisfactory. This scenario presented shows an instance 
where the issues in Malawi were similar to those in other locales, hence the speedy 
resolution. DHIS Mobile software was developed by an international team of software 
developers, with most core developers resident in Vietnam and some key project leaders, 
responsible for coordinating developer tasks, based in Norway. It was therefore challenging 
to adequately relay localised software requirements between the implementation team in 
Malawi and the global team in Vietnam and Norway. In cases where urgent resolution of 
bugs was needed, given the limited technical skills in the ministry, local workarounds would 
likely address the problems timeously. There existed communication challenges in 
forwarding local requirements to the global development team and coordinating their 
resolution. A member of the global team aptly characterised this through the remark: “to be 
honest we didn't understand the request until now”; months later. 
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3.2.6 District Office System Access 
In the case of mobile HIS data entry, data is transmitted from mobile devices into the central 
server. This is problematic for data quality as all the intervening checks necessitated through 
the paper-based system are leapfrogged by the mobile technology and central server 
architecture. In DHIS1.3, data was entered in a database on the local machine at the district 
level, archived, and sent via email to the health statistics office at the national level. In one 
instance, a participant at the district office, would enter the data offline after receiving the 
paper reports, store the file archive on a memory stick, and go to an adjacent office block 
where an internet connection existed to send the data. Internet connectivity related challenges 
were also experienced at national level in attempting to retrieve these files. With mobile data 
entry at facility level, it is important for the district offices and the national level to have 
stable internet connection in order that they may verify and confirm the entered data. 
Furthermore, health workers at the facility level also needed mechanisms through which they 
could access reports on the submitted data in order to improve on its quality. During the pilot, 
data dongles were provided, a situation which required manual monthly airtime top up. 
Asides from this, the participant officer also continued to receive paper reports from facilities 
that were not part of our pilots, for entry into the DHIS 1.3 system. A district officer therefore 
had to reconcile the data entered onto the online DHIS2 server, using mobile phones, with the 
data in DHIS1.3, before sending data for the district to the national level in the archive 
format. This was an inconvenience which was expressed clearly as an untenable situation. At 
the time of writing this paper, the situation had improved after CMED and most districts in 
Malawi, including Lilongwe had shifted from DHIS 1.3 to DHIS2. The shift made it easier 
for the district participating in the DHIS Mobile pilots to manage data reporting through a 
combination of paper-based registers and DHIS Mobile-supported reporting, as now all data 
was maintained under one central server. 
4. ANALYSIS AND DISCUSSION
It is realized that the basis for the pilot to be permitted within the Ministry of Health of 
Malawi was to attempt to address the numerous challenges encountered in the flow and 
proper use of data in line with local and global requirements. Malawi is considered as a least 
developed nation, a measure which demonstrates its marginality in the provision of basic 
services like education and healthcare to its people. Hence simply put, it is breakdowns in the 
healthcare delivery infrastructure that permit this innovation process to occur in Malawi. Our 
own intervention, centred on the DHIS Mobile technology, was geared towards addressing 
the challenges posed in monitoring health indicators from across the country. We saw in this 
research that though technology typologies might assist in the conceptualization of solutions 
for developing nations as described by Sanner et al. (2012), technology fit and sustainability 
can only be the result of a continuous articulation process within the context. This articulation 
work is conspicuous where users find their own solutions to the challenges, and obtrusive 
where unsustainable mechanisms are enacted to solve the challenges. Such mechanisms, in 
this case, manifest in donor dependency to resolve problems. We find that chosen solutions 
interacting with persistent structures in the intervention can result in breakdowns. This also 
means that the choices that are also made in the event of breakdowns have a similar causal 
and conditional impact on future failures and successes as they affect the problem and 
decision space. 
4.1 Breakdowns and their Articulation 
In Table 2 below, we see situations where breakdowns occurred in the intervention, and how 
they were resolved. The goal was to eventually have a design which was robust and could 
operate within Malawi, with aligned external dependencies. In this study we discover two 
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categories of articulation work, technological and human. Technological articulation pertains 
to technical work that is done to ensure the work of mobile data entry gets back on track. 
Human articulation pertains to the work of formation of temporal networks of action among 
actors to address breakdowns. We also see the challenges of designing mobile HMIS 
technology for developing countries, with Malawi categorised as least developed (UN, 2011). 
The systems designed in global domains, face challenges that are understood in event of 
localised breakdowns. Articulation work is used as a strategy to overcome these challenges. 
However, it is recognised that articulation work is not enough to sustain interventions, even 
what is here termed human articulation. In the research context we see the peculiar case of 
the formation of the mHealth forum, which we argue is articulation work, in the form of 
organisational rearrangement. Kanjo et al. (2009) who also conducted their study on the HIS 
in Malawi recognise that stakeholder buy-in alone was not enough to get a system to be 
institutionalised, and therefore recommend that flexible standardisation is key to HIS success. 
However, it is important to realise that such institution wide approaches require higher level 
negotiation processes which are relatively inaccessible to many m-health initiatives. This 
research recognises and considers the essence and possibility of a multi-level approach to 
institutionalisation.
Table 2: Breakdowns and their Articulation 
 Articulation Work 
Breakdown Technological Articulation Human Articulation:
Failed mobile 
device and server 
configuration
Phones hurriedly replaced, and 
the pilot training affected.
Negotiations with network 
operator and project sponsors led 
to a realisation that the local 
mobile provider involvement 
should start early.
Limited mobile 
services from 
provider as we 
deal with 
marketing agent. 
Mobile data capping remained 
problematic. Usage trends and 
alternative packages were 
analyzed in the billing 
statements so as to determine 
future re-arrangements.  
More strategic partnerships with 
local mobile provider could 
provide leverage in negotiating 
packages.
Failed SIM cards. SIMs collected from mobile 
service operator and delivered 
individually to remote 
facilities. Mobile software 
configurations reapplied and 
tested. 
Negotiations on SIM ownership to 
provide incentive for mobile 
device maintenance among users.
Missing mobile 
system 
Functionality
Making do with the available 
features while awaiting 
changes.
Engagements with the global team 
to consider requirements from case 
and improve responsiveness to 
local concerns.
Limited system 
access from 
District Health 
Office
Manual dongle top up. 
Assistant statistician needed to 
enter data from new system 
into old. 
Negotiations for full migration 
from legacy system to new system.
Mobile client 
application 
failures 
Users chose browser client 
when J2ME client failed. 
Negotiating the building of 
redundancy into the intervention 
by training users on multiple 
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clients.
Erratic internet 
connectivity in 
Central health 
statistics office. 
Awaiting connectivity 
solutions proposed by different 
stakeholders. 
Advocating to stakeholders for a 
sustainable solution. Developing 
resident capacity to manage 
implemented solutions and provide 
support to users.
Delays in 
attending to user 
queries by mobile 
service provider 
Making do with current limited 
services. 
Frequent follow ups on queries 
raised with provider. Lobbying 
with other organisations doing 
mHealth, through the Malawi 
mHealth forum, for a unified voice 
to gain more bargaining power.
From the case presentation and Table 2, above, it is evident that resolution of local 
technology breakdowns can be achieved at individual level, across different levels within an 
organization, and across organizational boundaries (within or across countries). However, 
where interventions are part of a larger infrastructure setup it is often the case that networking 
across organizational levels and across organizations in necessary to resolve breakdowns. In 
this study, articulation work that requires collaboration across multiple levels includes efforts 
to resolve: mobile telephony subscription; replacement of failed SIM cards; migration from 
DHIS 1.3 to DHIS2; DHIS2 server configuration; and failed attempts mobile device 
configuration, for the set of phones purchased in India. Consequently, the two identified 
categories of articulation work, technological and human, can also be analysed from other 
dimensions based on the levels of organizational involvement required to resolve them: (i) 
localised (individual or location where breakdown occurs; single point of end-user support) ; 
(ii) multiple levels within single organization (multi-level and intra-organizational); (iii) and 
multiple levels cross-organizations (multi-level and inter-organizational). 
A challenge is found in motivating local and global stakeholders into more structured 
and sustainable inter-organisational arrangements. A significance of the multi-dimensional 
analysis of articulation work presented above is that it may help interventionists anticipate the 
amount of effort and coordination required to address breakdowns in a mobile health project. 
Coupled with an obvious need for coordination that emerges when multiple stakeholders 
require mobilization to address breakdowns is the issue of jurisdiction. Particular 
stakeholders tasked with the resolution of breakdowns might not be in a position to influence 
the trajectory of required articulation work across organizational boundaries. When this 
occurs, there might be need for preliminary work, such as development of work relationships, 
to take place in order for required articulation work relating to identified breakdowns to take 
place. However, building stable work relationships across organizational levels takes time. 
The DHIS Mobile pilots could have benefited from such an analysis in dealings with the 
mobile service provider, where resolution of issues agreed upon with points of contact 
depended on other IT personnel the project team was hardly in contact with. Implications of 
buying mobile phones outside the context of implementation, under which the DHIS Mobile 
project team could not readily access the vendors, when problems emerged, could also have 
been weighed more carefully. Going forward, such an analysis also creates an opportunity for 
those implementing mobile health systems to anticipate the amount of work introduced in 
negotiating the development of more sustainable organizational arrangements that can outlive 
current intervention activities. 
Meanwhile, articulation work remained as the dominant strategy to keep the 
intervention afloat. Infrastructure work frequently entails ongoing articulation work to permit 
continued functioning (Bowker et al., 2010). Quite often, failures in information systems 
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projects in developing countries are due to limitations in technological and human 
infrastructure (Heeks, 2002; Manda and Sanner, 2012; Semaan and Mark, 2011). In our work, 
we demonstrate through an ongoing project the low level strategies that are employed to 
resolve these challenges, and we find articulation work occurring technologically and 
organisationally. By analysing our research in this manner, we also see the possibility for 
breakdowns being used as opportunities for the building of both technological and human 
infrastructure. We also see the challenges that can arise if breakdowns are tackled in 
isolation, as similar challenges exist in other projects within the context of developing 
nations.
It is critical that efforts to develop necessary technical and human infrastructure take on board 
key stakeholders and also look beyond individual project arrangements. It has been noted that 
project-centric interventions often collapse when interventions end (Lehmann and Sanders, 
2007; Sanner et al., 2012). However, unlike individual project arrangements, which are often 
short-term, infrastructures evolve over long periods of time. This necessitates the presence of 
more persistent individual and organizational arrangements to transition novel solution 
offerings into stable technologies that support productivity (Ribes and Finholt, 2009). It is 
against this background that key players within the Malawi HIS landscape, such as the 
Ministry of Health (through CMED) and the team coordinating the shift from DHIS 1.3 to 
DHIS2 had been engaged from the onset. At the same time, engagement of multiple 
stakeholders, especially across organizational boundaries, must be approached with caution, 
as this can introduce significant coordination overheads, which may slow down the resolution 
of breakdowns. All the same, the strategic negotiation of breakdowns across stakeholder 
groups is a key process in designing mobile technologies that address both immediate and 
long term concerns for sustainability (Mark, 2012; Ribes and Finholt, 2009). 
5. CONCLUSION
This study demonstrates that mobile intervention in developing countries entails the 
development of local work routines at multiple organisational and interorganisational levels 
to support the introduced technology. In some cases, this is done with the resources 
embedded in the context, while in others users have to rely on the continued support from the 
interventionists. In either case, we see that sustainability of intervention is an evolutionary 
process which entails the constant adaptation of human and technical resources necessary for 
the continued use of introduced technology. Given the limited infrastructure in the context of 
this study, articulation work is employed to keep the project ongoing and it takes on the 
peculiar form that provides suggestion to the sustainability of the intervention. Two varieties 
of articulation work are discussed in this work, which are human and technical. Participants 
employ technical and human resources in the environment based on their local knowledge to 
sustain the work. The organisational structure is altered in that new connections are sought 
when breakdowns occur. This is illustrated in the human articulation aspects where diverse 
interactions are employed to address a breakdown. In technical articulation, we see 
problematic parts being replaced and rearranged by participants to enable the intervention to 
continue. In this context, we realise that rigid systems will be expensive and not easily 
integrated into the contexts as users will not be able to recover from breakdowns resulting in 
failure. 
Breakdowns can manifest at various levels within the organizational hierarchy, or 
manifest across organizations shaping an implementation. In our case, this includes 
stakeholders within the Ministry of Health, users, implementation partners, the mobile service 
provider, the project support team in Malawi, and the global development partners. 
Breakdowns can be localised, such as those within the Ministry of Health, or manifest in 
cross-organisational relations. The latter is evidenced in how breakdowns within our mobile 
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service provider, with regard to addressing issues impacted the pilots, showing the boundaries 
of articulation. The varied nature and extent of breakdowns has an implication on the type of 
articulation work required to resolve them. For example, breakdowns requiring the mobile 
service provider to cooperate are much harder to resolve considering that they are beyond 
control thereby temporally becoming external contingencies. We also find that breakdowns 
are occasions to alter the organisational and technological structure of the project as 
evidenced in the formation of the mHealth forum. 
In future work, we aim to continue to develop a theoretical framework that is useful in 
the design of mobile HMIS solutions. From our analysis we see that designing for articulation 
is a useful strategy for developing HIS in developing nations. Our work also enables us to 
consider the role and timing of strategies that can be employed to improve outcomes in 
information infrastructure interventions, such as the the long-now of information 
infrastructure design (Bowker et al., 2010; Ribes and Finholt, 2007, 2009) The long-now 
perspective is concerned with building information infrastructures to address present and 
emergent demands, with an emphasis on decisions taken early on in the intervention as 
having consequences for the sustainability of the intervention. In paying attention to the 
relevance of the totality of socio-technical arrangements, which lead to breakdowns or their 
resolution, this paper underscores the importance of the information ecology (Nardi and 
O'Day, 2000) within which mobile HMIS solutions are constructed. Our work also points to 
the inter-organisational character of localised interventions. They demonstrate how the local 
can be intricately tied into activities that occur across organisational and national boundaries. 
Understanding the nature and sustainability of such relationships is a key aspect in ensuring 
sustainability. It was recognised that interorganisational relations have a key role in enabling 
nations to develop suitable technologies for development (Njihia and Merali, 2013). The 
study also raises question about the approaches that are suitable for investigating technologies 
in complex organisational settings such as that which is illustrated in the case. It is important 
to adopt approaches that illuminate the multiple levels of the phenomenon and the varied 
relations that are implicated in developing technologies for low resource contexts. Grounded 
theory methodology has the character of following the data from the setting closely, with 
fitting categories for explanation. The role of literature in such studies is often contested, 
however we demonstrate in this work that the adoption of the principles of the 
methodological approach is not in conflict with existing theoretical concepts. However, the 
difficulty of adhering to the methodological tenets of GTM means its application, particularly 
within the broader context of an action research project which is guided by specific practical 
outcomes, remains contentious. Despite this, it still remains that the field would benefit from 
research that aims to develop theory that is faithful to the context. Studies that illuminate the 
difficulties and approaches used in practice will be informative to the discourse. 
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